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CALCULATION OF /-VALUES OF POTASSIUM ATOM 

By JATINDER NATH NANDA 


ABSTKACT. Kiiiployirifr emi)fnVal an<l tlie Ilarlrcc ficlils, tin? M iilucs of potaNsiiiui 
atom have fiecn determined. The S(‘liroedingcr equation was inti'grated hy w^loenner*s iiumerT 
eal method irsin^f closc-tvpe formnla ^^iveii hy Milne, lA simple interpolation formula for 
altering the argument interval is also given.) A .striking feature ^of the ealciilation is that the 
/-value of the first line is greater than unitv. 

Demands of the sum rule suggest tliat conti ihiitioii towards /-value by t he eontinuons 
absorption at tlio head of the .series limit must l)e /.,* , mueh larger than the expeeted vahu* 
of . I (oo:; from the monolonie curve obtained theoreticully by iMiss Phillips , 11 appeal 

therefore, that the extrnpolali(m of this curve is not warranted 1 )itohlmriT,s ret'ent experi- 
ments showing marked increase in atomic absorption on high freijueneies seem to support 
this view. 


Hargreaves (1Q29) has shown that the oscillator strengths of any ab.sorptioii 
line due to a transition from the level .9 to the excited level r, is given by 


ir 


Slip.!'' 


(1) 


where IV j is the frequency of the radiation, R the Rydberg conslant and a the 
Bohr radius of one quantum orbit of Hydrogen, Ip , is the matrix amplitude of 
the trausitiou i to r. Summation is for any degeneracy in the levels, which can 
be neglected here as the detcrmiiration is to he for the doublets as a whole. 
jMatrix amplitude is known from the eigen -functions of each level, 'i'he eigen- 
functions for irotassium can be calculated following the work of 'J'nnniry (iqal)) 
on lithium and of Prokof jew (ig^q) on sodium. The advantages and limitation.s 
of the method have been discussed by the latter. 'The method with some modi- 
fications is given below. 

For the case of an atom with' centrally* symmetrical field, the eigen- 
functions (neglecting spin and relativity effects) are represented as 


where Y ! ,)n(i9) arc the Legendre functions. The function X«,?(r) satisfies the 
equation 


dr‘^ 




dr 


Sn m 
h’-‘~ 


rr 

f I / V ^2 


Xw,? =0 


(2) 


where V is the pcAenlial energy in tlie central field and H is the eigen-value of 
the state in question. To solve tins equation a knowledge of the eigen-values 
and jjotential functions is required foi wliich tlie equations Iiave continuous, 
finite and single-valued sohitions. For the puiposes of the present study it is 
important to use tiie observed, actual term values and make any required 
adjustments only in the theoretical field to be used, say Harlree field. But for the 
empirical field as given earlier by the author (Nanda, 1944/ any special corrections 
are not needed. Thus, for we may put - W,,,; = -/icvn/ where is the 
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term-value for n j in wave numbers. It is possible, then, by a numerical method 
to solve the equation for any term-value. 

Due to the finite interval in numerical integration, and also due to any 
slight inaccuracy of the field, the eigen-functions may not exactly fulfil the 
boundary conditions, especially iX may not come out exactly zero at r = o. This 
can be acliicvcd by very slight modification of the field, and in fact, the magni- 
tude r at r=i> was never larger than i% of the largest amplitude. 

'I'o solve the wave equation ( 2 ) substitute r = ap and P=f>X»,i ; p being 

f/a, and V = where Q is the field function obtained elsewhere in the form 

+ fip I y. The wave equation becomes 




liJ 

») ^ntl 


R is the Rydbeig constaut. At large p where the wave function assumes an 


asymptotic form, we can w'rite the solution as follows ; 


-S'., 4 , + „ 


W’licrc* ^=2/1 “ 


writing equation 1 ^:;) in tlic form 


-2CX 


; = ] - [27 “-Hi ‘hi)] 


(//>* 


-- (5) 


wc* can cunslriK't the table (I) for 

l\,i and p,) (6) 

where // -j ; and tlieir backward differences, given by the relation 
A' V/ - . The accuracy is not appreciably increased by ex- 

tending the table beyond A^^,-. 

Tablk I 
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After putting down a few values from asymptotic expression at large distances, 
the integration ahead towards lesser distances is carried out in the following 
manner. Stoermer’s formula gives a trial value of by the relation 


Simple addition or subtraction in the first two colmnn.s of the table yields a trial 
value of P»,t(pt)- Using this value of Pu) and the field Q we get from 
equation (6) and right hand side of the table is completed as a trial value. Now 
a check is applied by the closed type formula (Milne, 193.^) w’hich retjuires 

Thus, the trial value is altered till the formula (8) is satisfied. 

The starting point in this computation is so chosen that the value of P is very 
small, below significance so far as the main body of the P column is concerned. 
To save labour, the value of the interval for p may be as large as unity in the 
region since the field function Q is same in the region greater than — 
and further, between and /^ = 6 .si it is given by a single expression. It 

is only between /^ = o to that there arc five dilTerent expiessions for Q, and 

so below p = 1 .0 the interval should be small, say . 'ro interpolate P between 
the interval pi and Pi^\ for a small fraction xl It = plio (let) above the /th point, 
the formula that can be best used is given below : 


p. , .-p .piio-l>) +...) (y) 

+--~ j 10^"^ IJL 10^ /‘ 

The values at p== 2.<:1 , 2.3, 2.2, 2.1 are known and further integration can be 
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carried out for h'—.i. In this manner, the eigen-functions J have been 
deterniinetl for the levels 4ii. « i (« from 2 to 8). vSec figure Kaj and J(6). 



I 

FIG.l(b) WAVE FUNCTIONS FOR H ATOM 
( UN NORMALISED) 


It can be shown that the square of the matrix amplitude 1 1 p for the transi- 
tion 4, o to n, 1 is given by the relation 


1 |2 = /i2) 


2c 

■a Ob,! ; 4 ,0 


substituting the above in (i), we gel 


(10) 


3 

where i' is the absorbed frequency in wave ininibers. I'hc integrals for knowing 
S were found graphically. I'or higher levchs, the integration may he done 
numerically by well-known Durand's rule or Simpson's rule. 

1 he calculated /-values are given in Table II. In order to study the effect 
of any change in the field, the calculations were repeated with the Hartree field 
and the values with this field arc given in column four of the table. Ilow^ever, 
since the boundary conditions for P at /[) = o were much better observed by the use 
of the empirical field than with the uncorrected Hartree field (1Q34), the empirical 
field values should command greater reliance. 
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Calculation oj f -Values of Potassiiitn Atom 


Taulk II 


No. 1 

Transition nj to h,/ 

/-valuG cjiipiricfll tit kl 

/-valiu' Ilartrt'c BcUl 

I ! 

4,0 to ^,1 

I 08 

l,G2 

2 1 

1 

4 »<-' to 5.1 

1 iS X Jo * 

1,33 X 1(^2 

1 

3 ! 

I 

4,0 to 6,1 

2,5 10' 

3.1 X lo 

1 

4 : 

4>o to 7, r 

3.1 xio’J 

34 Xlo‘* 

5 

to 8,1 

6.6 X I .'■f* 

6,0 xur® 

6 

.-1,0 to 2,1 

- 3 55 X 10 3 

2 S3 X lo'-' 

7 

4,0 to 3,1 

- 1.1 5 X 

10 7 Klf) ‘ 


The iiiveise trausilions (6] and (7) are calculated on the ahsumidion that the 
wave functions are separable. 

DISCUSSION 


I. A .slrikiuii feature of the calculations is tliat the /-value of tlie first 
line is greater than unity. This i.s not against the siiiii lule of Tlionias and 
Kuhn, since the in vcise transition 4.0 to 3,1 is cpiite strong. It will he of 
interest to verify this point experimentally by a new' determination of the 
absolute /-value of this line. The value observed by Weiler (loc. cit.) from 
observations on anomalous di.spersiou by Hook method is i.oo. 

j. Ratio of /-values for the first two lines is 9r5 (em]»iiical field) and 
76.7 (Harlrce field), 'I'he experimentally observed value from the Hook 
method is 11T.5 (Prokoljew and Gamow' (1927), and 98.5 Weiler (1929). Only 
the first two lines have been studied in this manner. There is no experi- 
mental data on observations in total absoriuion. Kxperimenls, liow'ever, are in 
progress in this Ivaboratory to study the total absorjition of these linc,s on 
infia red photographic jdates. 

3. Ratio of the third line to the fourth is slightly 'less than unity. 
Experiments of the aullior in total absoi iition (to be de-seribed in a subsequent 
paper) show them to be of the same order of intensity. In fact, the lines in 
total absorption show that the ratios do not follow a lalioual scheme. After 
some lilies have showm a steady deci ease in intensity, there is a pair of lines of 
almost same intensity, and the experimental errors are such that we cannot 
definitely say which is the stronger and which the weaker of the two. 

4. An interesting point from the calculations appears to be the extreme 
weakness of the line (5). The ratio of /-values of fourth and fifth lines is more 
than 500. Ihere appears to be no chance for its verification. The experi- 
mental value from absorption is even less than two- The theory will have to 
be modified in the fundamentals, and probably exchange effects will lead to the 
right order results. So far as the theory outlined above goes, the consistency 
of the work will be apparent fromThe following argument. 
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Hargreaves (loc. cil.) has shown that the /-value of a Hue ending at a higher 
level with large n can be approximately determined if we know tile rate of 
variation of the /-value at the series limit. 


^ -C / I 


(12) 


where «' is the ground state, and is the term- value in /u K units- C is given 
by the relation 


C = 


df 


V de. 


scries limit. 


(13) 


Miss Phillips has calculated at series limit for potassium atom to be .oo’4. 


.Substituting this in above, we get 


^2^024 (,319-1/64) 


which compares favouraljly with the theoretical value 6.5 x io"‘*. 


5. II1U calculated y-values suggest a very large coiiliiiuons absorption 
from the requirements of the /-sum rule. The rule slates for Potassium atom in 
the normal state : — 

05 

lines 4, o to 4^, 1 to 4, o to JS, x have been evaluated. 'l‘he sum for the remain- 
ing lines 

/, 0“>H 1 found from the law and its value is 2.6 x io““\ 

>Subslitutiug in above we get, (/)coul=’o5 (empirical fiekij and it is still 
larger for Hartree field. Hut the value obtained from integration of tlie 
curve obtained by Miss Phillips is only .0002. This might mean that 
extrapolation of this curve showing monotonic decrease is not warranted. The 
experimental observations of Ditchburn recording this increase in continuous 
absorption support this view. But regarding the explanation of the increase being 
in a region far beyond the scries limit, further calculation including exchange 
effects are needed. 

C (I N C h U S I N 


"I'he /-values of few members of the principal scries lines of potassium have 
been determined and /-value for continuous absorption infcri eel. A glance at 
these values shows the arbitrary relation between the y-iatios and the line 
numbers. The calculations arc, however, for a single atom. In order to 
examine the theory critically, the experiments must be carried on at very low 
vapour pressures and with no disturbing foreign gases. But it is not easy to 
conduct such experiments, since quartz windows on the absorption lube are 
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Calculation of f -Values of PotSssium Atom 

attacked by potassium vapour and so the ends of the lubes have lo be kept cold. 
This necessitates the use of some foreign gas to gu.ird against rapid distillation 
of the metal lo the cooler portions. Further at low vapour pressures and low 
foreign gas pressures the lines are very fine and their photometric measurements 
aie very difficult. Foi (|uaiitilative measurement.'' we, therefore, need broad 
lines. How far the broadening agents effect the /-values, has yet to be 
investigated in detail. 

My thanks aie due to Dr. P. K. Kichlu, who suggested this laoblem, for 
continual interest and help, and to Mr. B. M. .‘\nand for his invalualde advice 
and criticism . 
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RELATIVE /-VALUES OF POTASSIUM ATOM 
By JAUNDER NAl'H NANDA 
(Plate- 1) 

ABSTRACT jTincipal stiiis lines of potasfciinn have been slutlied in absorptie)!!. 
Constiuetion (1< tails for the hi^^h iiitejisitv hydmgcai discharge tube as a source f jr ulfraviulet 
and a soisitive inlcnsily lediu ing <lcvice are given. ( )n account of uncertaijily in the 
ininilK T fT alisoibing atcnis due iu the prcsciiM* of foreign gas and cold ends in the absorption 
lube, rcdnlive / values ab)nc have been worked out. 

/•walue of th(' fii st line r( lati v(‘ to the seecuid vaiic.s with tbc' conditions of experiment 
fr )ni jA 1 to 6 ./\ ; the the a*eti( al value is 5 and experimental value from anomalous disper- 
sion JIouU im lliod is i^S 5. leKtremely low values obtained from lh<‘ piesent d^'rert method 
need ( 1 11 iheation, < in the i)h(,)tugi aphic plates, in addition to the atomic' lines, strong moleeular 
bands also aj)pexir» tbougli the expec ted number of K.^ moUeulc-s is (»nl\' 3 to 4% of the total 
\ apt air jjia sent . 

TIu re is no sudden ditjp of intensity from the fourth to fifth lines as given hy theory. 
However tlie inlensitv does not deeline smootlily u ith the series number. Some lines show 
slightly greutcM* inleiisih than the preceding ones (c.g., 10th and 13th). 'klie c'ontiniuirn at the 
head of tlie series limit s 1 h»ws a broad miuiniiim at about 2700 A, t he absorpHtin increasing 
towards sliorler wave* lenglJjs, This anom.alv has also been reported liy othens. 

j T N K ( ) H r c r o k y 

'rile study of intensity of spectral lines have assumed great importance due 
to aslrophysical and theorelical significance. Absorption spectra are preferred 
on account of comparative ease in conlrolliug the conditions for obtaining the.se. 
Alkali aborptioii spectra have received considcral)le attention on account of their 
simple structure. Various methods have been developed to measure the hue 
intensities (Mitchell and Zemansky, 1034). 

itesides other methods llic direct method, that of measuring the area 
under the graph for absorption coefficient witli frequency, has been employed 
by Trumpy (ig.25, ig.27) fc^r evaluating relative /-values of lithium and sodium. 
A modilication of the method, employing the area under the absorptiem contour 
Itself (Total absorption method) has been extensively used by King and others 
(1040) for /-values of copper, etc. Continuous absorption at the head of 
principal series has been studied by the direct method for lithium, sodium, 
])Otassiiim and caesium by various authors, c.g., Trumpy, Bolt,, Ditchburn and 
co-workers. 

For the last few years experiments on absorption spectra of potassium 
under varying conditions of temperature and foreign gas pressure have been 
conducted in this laboratory, l^^lassiiim was selected since its line absorption has 
not been studied by absorption methods, 'i'he results and the methods employed 
are given as follows : 

2 A n s 0 K r T I 0 N T n c n n i (j u k 

The experimental set up for observing photographically the absorption of 
an alkali vapour consists of the foliowing four parts (Fig. i). 



Relai oe f-Valucs oj Roiassium 


9 




^2 


0 




JvxiiLiinRnhil Arrajigt'UUMit 

Via, 1 


(/) Tlie soyrcc foi coiiliiiuous back^iouxid (II). 
iii) The absori)tioii tiil)e (T) wheie the alkali metal is vaperized. 

(///) AiJ intensity lediicii^L; device (W) to calibi ate llie i)hol(-i^iai)hie ]dates, 
(?v) The spcctrogiai)h (S) 

A 1)1 ief description of each is t*iveii below : — 

(0 'I'he background source. — The piincii»al series of j.-olassiuin extends 
from infra-red to near iillraviolei, the resonance line Iiaving a wavelength about 
7700 A and the limit 1)eing at A. For the first and the second member 

(^n.'^6 A) a straight filament tungsten in glass lamp (to Volts 5 Amps.) was 
used as the souice. It was fed by a transformer from A.C. mains. The current 
was seen to leinain constant in ar.y exposiue. 'The photographs were taken on 
Kodak infra-red plates. 

For the region of second line onwards a high power v\aler-cooled hydro- 
gen discharge tube gave an intense idliaviokl backgiound illiiniination. The 
photographs w’ere obtained on Ilford process plates* The tube v\ as constructed 
especially for the purpose. We may here mention briefly its method of prepaia- 
tion since the tube is i)iactically indispensable foi ultraviolet quantitative photo- 
metry. It po.ssesses all the prerequisites of such a source namely, intensity, 
steadiness, and almost continufus spectral distulnition of intensity. 

The discharge lube wcus entirely made of pyrex excepting the quart/, 
window’ which was wax-jointtd at one end. The conditions of discharge in a 
similar tube have been studied by Bay and vSleinci (ic).?7). For si)crial require- 
ments the intricate designs suggested by Kawrcnce and JCldefassen (iq.'^o) and 
Kistiakowsky (1931) may be 
followed. The discharge tube, 
employed in these experi- 
ments is shown in Fig. 2, 

It consists of a long tube 
K (50 cms. long and 5 mins, 
bore) connecting two up- 
right tubes G (20 cins. long, 

3 cms. wide) in which hol- 
low cylindrical aluminium 
electrodes (H) are sealed 
by tungsten pyrex seals. 

2 ~ 2576P--1 



Fig, 2 
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Tlie electrodes do ijol touch the glass walls, Ix'iiig of slightly (2 imiis.) less 
diameter than the tubes (). ( )ne of the side tubes is connected to a large flask 

(2 litres capacity) which does not allow changes in pressure due to discharge. 
The tube is to I)e viewed end on for getting large intensity. A side tube R (12 
cms. long 2 cms. wide) carrying the quartz window at one end is sealed on to 
one of the side tubes exactly in line with the discharge tube. 'J'he wdiole tube dips 
up to tlie middle of the electrodes in water renewed continously in a galvanized 
iron tank. Tlie lube R projects out of an opening in one of the side walls of 
the tank. The tube is lield in i^osition l)y a strong wooden frame supported 
on four legs fixed on the support of the tank. In thi.s position the tube has 
Stood for months without giving the least trouble. 

Pure and dry hydrogen is introduced by the side capillary C which is 
later sealed oiT at the required pressure (about 1 mm.) inside the tube, ilydro- 
geii was prcpaied by electrolysis over nickel electrodes, of 1)arinm liydroxide 
solution in distilled water. The gas entered the tube through a calcium chloride 
tower and a lujuid air trap in succession. The collecting tube could be isolated 
by a vacuum stopcock. The whole apparatus could be evacuated to very 
pressures by a mercury diffusion ])ump, the pressure being read on a Mcl^eod 
gauge. Pirsl the api)aralus wa*^ rinsed with hydrogen by repeated fillings and 
evacuations. lyater it was exhausted continuously while individual [)arls of tlie 
tube were gently heated l)y fiame to remove any loose traces of gas. r'inally 
after ii liad been again allcriialcly filled with liydrogen and exhau.sted, the stop- 
co ks were closed when the pressure inside was i mm. ( )n observing the dis- 
charge, first various bands appear 011 the plate, but when purifying action of the 
discharge has continued for some time (alumt ten hours) the spectrum consisted 
of a beautiful continuum [naclically free from any stiucture. The tube was then 
sealed off, 'I'hc tube gives very intense light and consumes mure than a 
thousand watts at 3000 volts. 

Due to the length of the tube, the collimating lens must be of large focal 
length so that it has a greater depth of focus. A quartz lens hi of 06 cms. focal 
length was placed at distance of 50 cm. from the end of tube. The parallel 
beam of light jrassed through the quartz windows enclosing the absoiiition tube, 
and converged Ihroiigli a lens of 50 cm. focal length on to the .slit of the 
spectrograph. The focal length of this lens was large so that the light image 
on the .slit is of some size- The optical system is clear from Fig. i. 

(//) 'I'hc alrsorption tube T was of three mclci'S length and 2.5 cm. inlcnnl 
diameter. It was constnu'ted by end to end welding of short lengths of thin 
steel tubing. 'The ends were closed by pyrex glass caps carrying annular discs 
of brass with groves to support plane quartz windows of i cm. free auerture. 
.Ml the joints at the ends were made by sealing wax. Three iron tubes A, B, 
C each 30 cms. long and having one cm. bore were welded to the main tube at 
regular Intervals. Alkali metal could be introduced directly into the al^rsorptiop 
tube through these side tubes in the beginning of the experiment. Later jryrex 
glass tubes carrying iron-coiistantan thermocouples were introduced in each of 



Relative f- Values of Potassium Atom 

the tubes, In the working position the side tubes were kept inclined to the 
vertical so that the ends were not heated up by tlie heat from tlie heating coils 
on the main tube ; and the thermocouple tubes could be held in t'osilion l)y rubber 
corks and plasticene. 'i'he hut junction of the thcrniocouplcs was kei>t well into 
the inaiii tube, the cold junction was kept at ruoin teinpcraliue and the lemtieia- 
ture differences were read on a Cromploji potentiometer. 

Since the glass or quartz winchnvs are attacked rapidly by the fdkali vapour, 
the ends of the tul)e had to be kept cold by cii dilating water in the end jackets 
J. A side tube F connected the absorption tube tlirough a short length of iiibbL-r 
tubing to various gas reservoirs (He, A, N , ), a McLeod gauge, a mercury mano- 
meter, and the cvacualioii jmnip. 'I'lie whole assembly must be leak tight. 

The greater part of the lengLli of the al>sorption tube could be healed by a heat- 
ing coil of nicluome wire divided into 8 segments in parallels drawing up to 
20 amps, in all) insulated from I lie lube by asbestos sheet and heavily lagged by 
asbestos rope. 'I'he temperature could Ijc fairly kept constant by alteiing the 
resistance in series with the heating coils. 

(///) Since the intensity of the soiuce varies over the photographed region 
and the photographic plate has different response at dilTerenl w^avelengths, 
a simple relation between the intensity and the ensuing blackening cannot be 
employed everywhere. 11 is therefore necessary to use some calibration maiks 
on the plate. Inleusily is reduced in a known ratio and a caliijralioii exposure 
is obtained, keeping the lime of exj^osure same as that used for al)Sorpt jc)ii oi 
background exposures. Hut of various intensity reducing devices, the wire 
screen type has been selected on account of its simplicity and greater sensitivity. 
DitcliLurn^s (1027) rotating sector device has not been used since it cuts oil the 
available intensity to one half. 

A screen is formed by strelching a number of metallic strips of uniform 
width on a wooden ring. From llie mean diameter of the strips and theii total 
length inside the ring, the area obstructed by the scren is calculated. Fach 
of such screens thus transmits a certain percentage of light falling on it. 

The ring suppoitiiig the screen is fitted in the wooden tube capable of rotation 
in ball bearings at the ends. The tube is rotated by a low power motoi . The 
screens are to be rotated to produce randomness of the transmitted pattern on 
the collimating lens of the spectrograph. It also averages out any radial 
variation in the beam of light. The screen is placed in the optical path near 
the absorption tube within the focal distance of the condensing lens. Many 
calibration spectra can be obtained by crossing any two of sucli screens, 'i'u 
avoid diffraction effects the breadth of the wires or the openings should not he 
less than i luni. 

Sensitivity (S) may be defined for such a device by 

1 I dl 

S I ‘ ./N 
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where I is the transmitted intensity and N the number of equidistant wires of 
breadth a in a square mesh (for simplicity) of length L. 



1 II 

T 'L 


or vS=I ^ . 
a 


If i cm, a— ] mm. then S= lol which is larger than that for any other 
device, A possible drawback in the device is that the calibration points are 
fixed, whereas in other devices the transmitted intensity can be altered to suit 
the exposure under investigation. But in study of line absorption this is not 
important due to wide variations in any line. 

Actually four such nieshes were constructed and by combining some in 
paiis, in all seven distinct calibration spectra could be taken corresponding to 
following transmissions 23.0, 53.5, 76,5, 85,5, (S5.4, 40.0, 26.5. 

Uv) A Ililger medium size Ji 2 quartz, .spectrogiaph was used. It has a 
disiiersion of about 12 A in the ultraviolet and about 100 A in the near infra-red 
region. Due to relatively low dispersion of the instrument only first two 
of the potassium doubles could show a measurable separation of the components 
and that loo only under conditions of low temperature and low foreign gas 
liressure. But since the intensities were, to be compared for the doubtlets as 
a whole a larger dispersion was not considered necessary. 

Slit width w'as kept at 3 p and it was verified, now and then by measure- 
ment with a high iiower microscope, to remain canstant. Since special thin 
plates could not be had, the curvature inside the plate-holder was slightly 
reduced so that 4" x 10'' plates, cut out of commercial 10" x 12" plates on 
fitting in the holder, do not break by the pressure of the springs. 
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(<() Maiiipulution oj Hit iiicUil — 

Outer layers of the oxide on the metal balls are scraped oil undei kerosene 
oil and the metal is cut into thin pieces. It is then pul into the sides tubes 
after removing the oil by dipping the pieces in ether. The pieces of metal are 
dispersed in the absorption tube by shaking them with long iron needles which 
can be introduced through the side tubes- To avoid oxidation, the whole 
operation must be carried out quickly. As soon as the required quantity of- 
potassium has been put the thermocouples are introduced and fixed in position. 
'I'he closed side tubes are now tilted to the vertical, and the absorption tube is 
evacuated by an oil pump. Then a few' mms. pressure 01 foreign gas i.s intro- 
duced to safeguard against rapid distillation of the metal to copier parts on 
heating 1 he extra ])iirificatioii gf the metal has been found to be not necessary. 

(M Onici (') ( A 

;\ background exiiosure tlirough the cold absorption lube and with no 
calibration screen iu the path is now taken. The lube is heated by the heating 
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PLATE I 



Fig, 1 

An Absorption Photograph 
Exposure Nos. 2, 11 : — Background exposures 
Exposure Nos, 3, 5, 7, 9, 12, 14 ; — Absorption under foreign 
gas pressures 7, 1'3, 2‘7, 5'4, 8“0, 10*5 cirivS 
Exposure Nos. 4 , 6, 8, 10, 13. 15, 16 : — Calibration spectra 
Exposure No. 1 : — Copper line spectrum for reference 



Fig. 2. Microphotogram of Exposure No. 12, Table I 
Senes lines 8-24. 

Doublet near limit 2857 is due to Sodium impurity 
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coil. Aftef waiting for at least half an hour, so that steady conditions have Iweii 
reached, the first absorption exposure is obiained. 1A‘W more such exposures 
with varying conditions of temperature or foreign gas pressure (one remaining 
constant) are also taken on the same plate. Sufficient time is allowed betw^m 
two exposures. The current in the heating coils and the current in the primary 
of the transformer feeding the hydrogen discharge tube is kept constant by hand 
control during any exposure. Kxposure time was kept at lo minutes for the 
process plates and 5 minutes for the infra-red jdates. Three observations of 
temperature difference for each of the three thcrmocuples A, H and C. Room 
temperature and pressure were noted during each exposure. The tube is now 
allowed to cool and a background exposure and the calibration expo.sures arc 
obtained. A reference line spectrum of copper for the ultraviolet and of neon for 
the infra-red region is taken on each plate. Any plate thus contained three or 
four absorption spectra, two background spectra, and six or seven intensity 
calibration spectra besides the reference spectrum (Plate 1 A). 

(c) Developing the pl(ttc!i — 

Care is taken to develop the plates evenly. The plate is put in develop- 
ing solution in such a way that points along any line parallel to the breadth 
are immersed at the same time. The dishes are locked gently. Aftei 
developing and fixing, the plates are thorouglUy wa.shed in nmning water for 
.several minutes, 'i'he plates are then quickly dried in a hoii/.onlal position 
under a fan. 

(d) Mirropbotonichy of the phiics — 

Plates were inicropliotometeied on a ,Siegl>alni pholo-voltaic type micio- 
pliotomcter with wedge coupling. Magnification i-atios 7, 15, 20 were u,sed. 
Higher ratios were not used due to very slow speed of the work on uetounl ol 
luck of a string Instinmeut. Only tlio.se lines were selected lor mierophotoinelry 
which did not show comi)leteiy absorbed centres because the direct method 
is applicable only lo such lines. After getting the micTopliotogram for the 
alisorptiou line, the deflections corrc.sponding to calibration exposures at inter- 
vals of about 200 A were recorded. Microphotometei readirtgs for continuous 
absorption beyond the seires lirrrit, some of the eulibrulion deflections, and 
clear plate leutUngs were taken visually. 

(c; Reading the mici ophotogtums — 

Average of clear plate readings, if they do not show any nrarked changes, 
is subtracted from all niiciojdiotograph readitrg.s. To lead the microphotograur 
accirrately, it is rnotrnted in a vertical plane between two glass iilates. Tire 
readings are taken by a travelling inicrosc:ope ciqrable of moviirg iit a Irori/.ontal 
as well as a vertical directioir. Thus ordinates lo correspond to irholonieter 
deflections are read against the distance aloii g wavelength scale. Those points 
are especially read where the absorption contour slrows a peak or leaves the 
base lines or is cut by calibration deflections. 
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4. M K T H 0 1 ) ( ) T' C L C V h A T I 1 > N 

'riic iiiiL I opliolo^'rani trace- loi the clcurie.‘Sl cX])OSUic (due to buck^j^nmiKU 

coi responds to ioo% transmis- 
sion. The ordinate correspond- 
iim to it from the clear plate 
deflection as zcio is noted. 
Siniilaily ordinates for other 
calibration si>ectia for any wave 
length ref*ion are noted. A 
Uiaph is drawn between these 
magnitudes and the percentage 
transmission. The transmission 
can then be read off tor any 
point on the absorption contour 

fFig. 3)* 

Tet Ti' l)e the % transmission 
at any v, then 

Fig. 3 lV/ioo = (’ 

VN'heie /.> is the absorption coefficient at v 'wave iuinil)ersj and / is the leiigtli 
of the absorbing vajiour. kv evidently cx (2 — logjoTi/). Thus foi any line 
the area (j uiidei llie graidi L^-logju T) against v ks jnoportional to inlegraled 
absuiption ikvdi'. And since oc N/, the area is a ineastiie oi /-values 

of lines in the same absorption spectrum. Actually the guiph was not drawn 
lor V l>ut foi distance .v along the lectnds^ so G was obtained l)y imilti])lying 

the aiea luidei the actual graiili by at the position of the line. 

ii\ 

For calculation of al)Soiiilc /-values we know that 

ik dv- \ {Jlog«iol2-logioT.r)d.rl-^'' ==7 logo lo 
I ax I 



C-alibratioii Curves 


and also 


^ N/ 
^ * me 


wliete N is the number of absorbing atoms per c.c. 

. , jnc^Ologpio 


N is obtahied fiolii the Vapoui pressure data as follows: 

H /> is the Vapour pressure at T C then reduced 

prcssi’re and N==Nuy>o where No is the Avogadro number reduced to one c.c. 


aud 1 cm. pte.ssurc, i.c.,No = 


A 

22,400 X 76 


However, since the temperature is 
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not constant along the length of the tube, a simple ineun of either lemik'vatiues 
or of vai)Our pressure 
is not reliable. Assum- 
ing thermodynamic 
equilihiium a better 
approximation is to 
l>lot the vapour in’es- 
Sine p from known 
temperature data alon^ 
the length of the tube, 
and lo reduce the 
resulting curve lo o°C 
on the same grai)h. 

The area of this curve 
now gives llie y)roduct 
Po I to be used in tlie 
formula (Fig. ^l). Hut 
due to the ])iescnce of 
cold spots on the 
tul)e and due to the disturbing effect of tlie foreign gas, actual vapour pressure 
can not lie assumed to be given liy the vapour pres.surcs at lliose tenipeiatures. 
Hence absolute /-values Ironi Ihis arrangement cannot be determined with 
any accuracy. 

5. ACCPUACY OP' run mktitods a do mu') 

(/) Mcasurenicui of absolute f-valucs > — Besides tlie errors to be treated under 
lelative nieasuremeiils an important cnor in the measurement of absolute 
values oijginales in teinyierature measurement. An error of two or tliree 
degrees in knowing the temperatuie alters tlie vapour ju'cssure and so tlie 
results liy about 10%. Tlie yiartial pressuie of tlie atoms in the vapjour is 
also uncertain by a factor of about 3%. 

Ihe greatest eiror comes in if wc assume tlie vajiour pressure at any point 
along the axis to conesyiond to the temyicrature at that jioint. With this 
avSsuinption tlie calculation of the /-value for the second line was atlenjjited. 
In the case when foreign gas laessure was abmit 50 cm. the /-value came 
out lo lie joo limes tiiai wlien ilie jircssure was only 7 mm. The bigger value 
itself was only one-lliird the value given by theory (.012). Extremely low 
values for low foieigii gas ])ressurcs appear lo show that Die acliuil quantity 
of vajiour giving absorption is much less than that assumed on vapour pressure 
data. Ditchburn, Tunstead and Yates (1942) have studied this problem of 
dynamic equilibrium of a vaiiour a.ssumiiig the foreign gas to remain stationary. 
Though their results in the form given cannot be ajiplied to the jucsenl shape 
of the tul)e, yet these amply show that the amount of vajiour increases 
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Fig, 4 
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j)i oppressively with foreign. Ras pressure. 'I’liese considerations icslrict the 
utility of tlie inetliod to detei'ininalion oi relative /-values only, where a 
knowledppe of the exact amount of ahsorhiim vapour is not iiceclccl. 

(,;/) Error.s afjcclinsi relative j-valucs as lecll, — vSysLeinatic eriors which 
may come up due to i>i oppressive chanjpes in intensity of the sources or 
systematic variations in the developed plates have been reduced to minimum 
by intermixiipu at random the absorption and calibration spectra on the 
plates and f)y caieful developiiipi. 

(a) Errors due to variations of sources. — By adjusting the pressure inside 
the liydroppen discbaippe lube to a value sliKbtly higher than that icquircd 
for least damin’ng, the lube is made sclf-stabilizing. Changes of cuirent 
cause compensating changes in pressure. The tube runs with practically 
no cliange in intensity unless it has been standing idle for long when it 
re(|uires aliout half an hour to come to stable conditions. Fluctuations in 
the primary current due to sui)i)ly mains have to be coiitiolled by hand, 
'i'he ammeter reading fluctuations averaged over the lime of exi)Osure do 
not exceed .25%. 

'/i, 

The light of the photometer bulb shows 1% variations. It was lighted 
from the mains with a slabili/ing circuit given l)y Pottei (1934). Aecumulators 
are not used since they are aj)! to run down whicli necessitates rci)etition of 
l)h()tometry of calibration spectra befoie and after the absorption is studied. 

(/)) The nnevenness of ttic yda/c.— There can be three types of errors, 
due to grain of the plate, variations due to uneven develoi>menl and non- 
nnifonnity of (he sensitive film. 'I'liese errors are least in fresh line grain 
process jdates. Any exposures neai tlic edges ol the plates are rejected. 
Under average conditions contiibutioii from such errors may sum u]) to 2%, 
but with siiecial care it is reduced to less llian 1%. 

((') By fax the largest errors arise lioni tlie photogra])hic intensity ineasnie- 
meiits. On average a mistake of about 5% here causes the exponent to vary 
by ±.05 independent of its magnitude. This causes an error of about 
3% in bigger absorption coeiEcieiits and a greatei eiior in relatively weak 
absoiption. Oreater erroi thus comes in from rhe nature of graphical 
methods employed. Tines shou ing stremg absorption give much more leliable 
figures than tliose showing weak absorption. An estimate of accuracy was 
made by repealing a juunbei of times the microphotometry of two lines, one 
about 10 limes stronger than the otlier. The maximum divergence of the 
figures for stiongei lines was and for weaker 10%. But as any two 

iieighboiiiing lines aie generally of less intensity ratio and are microphoto- 
metcied for the .same setting of the photometer, the error in tlie ratio is 
con espondingly less. Thus for large ratios the probable error in all is about 
10% aqd for ratios between lines of small intensity variation the errors vary 
between 5% and 8%, 
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6. ORSKR V ATI ONvS AND U R vS U I, T S 

It was expected that bellei coiii])aiisoii with tlicory would bo possibio 
if low temperature and low foret>;n gas pressure were employed. In majority of 
cases the foreign gas pressure was only a few millimeters just to guard against 
distillation of the metal to cooler poriions. Temperatures weie between 
20o®-4oo° C and effective concentraiion of vapour corresponded to still lower 
temperatures on account of rapid diffusion of the metal. In all about 400 
cxposuies were given, out of which 150 were absorption spectra and others 
intensity and wavelength calibration sj>eotra. Abintl 30 absorjUion exposures 
were on infia-red i)lates and the rest on la'ooess plates. The observations are 
listed below. 

(1) On increase of pressure of foreign gas it api^ears as if a greater amount 
of vapour begins to absorb ; the intensity ol lines as well as tlieir numl)er 
increases ^Plate IB), which sliows that a iargci foreign gas ))ressurc makes the 
vapour lend to ac'cumulatc and build uj) llie vapour 1 pressure corresponding 
to the tcmi)et aliirc at that place. This should also exidaiii similar ohserva- 
lions of Bhattacharya and Sinlia 09,13). Bifficuliies in calculation of al^solute 
Rvalues arising from this uncertainty in the amount of al)Sorbing vapour has 
been already diciissed in 5(/). 

(2) The experimental data for the exposures selected for j)hotonietry is 
given in the first 5 columns of Tabic 1(a) and in tlic lest of the table the areas 
(f.l) in"0])ortional to /-values are given. TIil areas are also reduced on a scale of 
/-value foi the second line as unity (figntes in l)iackets). The tal)Ie is completed 
for higher numbeis on some of tlie plates in the i)art 1(6). The mean lesults 
ale tabulated 111 Table 11 . The Iheoietical values (Nanda, 1945) 1 educed to the 
same scale arc given in brackets. 'I'he /-rati<isaie also seen to be affected by 
the conditions of excitation. 

( 3 ) Lines 16 to 24 were not clearly resolved. Due to limited dispeision 
of the siieclrograph, tliese lines overlap and an api)arent C()nlinur)ns 
absorption before the series limit results (Plate 1(c). This explanatifui 
has been given by Tnuiipy (1928) in connection with lbs oljscivations 
on absorjUion of sodium vajioui. The* valuc.s of the individual lines 
have been calculated assuming arbitrary symmetrical disti ibutions in the 
hues, giving the observed curve as thcii sum. 

(4) Continuous absorption sliows a luininiuni at about 2700 A. The 
tesuUs are analogous to tho^c of Dilchbuni and others {loc. cil,) After a weak 
maximum at the series limit the al)SorjUion diminishes and llien rises again 
tov\ards the sliortcr wavelengths. 

(5) Band absori)tion is very marked. The ex, ] reeled smail ))ercentage or 
molccuies present at these temperatures ai4>eais to be very effective. Bands on 
both sides of the atomic series lines were picsent ancl the position of these 
was unaffected by the nature of filling gas. The strength of the band system 

^ A^S(628o a -6925 A) on ihe above /-value scale is given in the 
Table i(fl). 
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Taki.k 1(a) 


1 

I'iningTins 

Temp. "C 

Rcl. Absorption in 

lines etc. 

No 


i 








i 

Nature 1 Pressure 

A 

1 

15 

C 

1 

* i 

1 

1 

3 ' 

’ j 

5 

I 

N, 

3 Him. 

222 

22H 

1 

228 1 

78.5 

4-9 


1 

1 

1 







(]6 u6) , 

(1.0) 

(band 91.8) 1 


2 

N2 

14 uini 

222 

228 

228 i 

142 ! 

15-3 


1 







1 

(9 28) ' 

ll.O) 

(Hand 38.4) 1 



A 

ij iTiin. 

23B 

240 

237 ! 

12.9 • 

2.0 


1 







i 

(6.45) : 

(i.o) 




4 

A 

II inni. 

266 

281 

267 j 

386 , 

9 0 


1 








(t’- 43 ) 

(i.o) 


1 


S 

^ 1 

j] inni. 

^97 1 

.P 4 

298 

l62.n 

11.7 










(13-84) 

(1.0) 


1 

6 

N.J 1 

in.Kcm, 

'63 j 

17* 

167 


3-'5 

.98 

I 




( 1 



! 

u-o) 

'• 3 ”) 

i 

7 


5'j nil. 

1 164 

17 * 

168 


8.83) 

3.16 

1 







1 

(1.0) 

( 358) 

1 


8 

A 

7 mill, 

I 264 

282 

265 

1 

1 

4.64 

1 77 

1 






1 



(1.0) 

(.382) 

2.84 1 


9 

A 

7 inin. 

i 

314 

300 

' 

11.4 

467 

, '’51 







1 

i 

(l.o) 

(■410) 

(■249) ' 

(.132) 

in 

A 

9-4 cm. 

290 

309 

302 

! 


5-78 

4*03 

1-95 








(, 4 *o) 

(.286) 

(.138) 

n 

A 

7 mm. 

35 « 

381 

352 






12 

A 

7 mm. 

394 

412 

3S1 







Tabi,b 1(6) 


Line 

No. 

Plate No. IT 

Plate No 12 

Pine 

No. 

Plate No 11 

0 

Plate No. 12 

5 

9-10 (.135) 


15 

• 77 ( oh ) 

4.0 ( on) 

6 

6.77 (.098) 


16 

61 (.009) 

3 4 (-009) 

7 

3.98 (.058) 


17 

■49 (-‘'*’ 7 ) 

3-3 (-009) 

8 

2.3B 1.034) 

i 3 ‘> (■*^» 34 ) 

18 

.40 (.006) 

2.6 (.007) 

9 

1 73 ('025) 

10 4 (.028) 

19 

■35 

2.5 (.007) 

10 

2.07 (.030) 

9.8 (.0261 

20 

.28 (,004) 

2.3 0(006) 

11 

T.95 (.028) 

7.9 (.021) 

21 

.20 (.003) 

2.1 (.006) 

12 

1.38 (.ojo) 

6.3 (.017) 

22 


X.9 (.005) 

13 

1.48 ( 025) 

5-1 (-014) 

23 


1.7 (-004) 

M 

0.92 (.013) 

4'4 (-012) 

24 


1.6 (.004) 


Tabi,e II 


Relnlive 6vnlue i Riintivo /-value Relative /-value 


i 

6.4 to 16,1 

9 ■ 

1 

026 

17 

.008 


(91-5) 

• 1 




2 

1.0 (1.0) 

10 i 

.028 

18 

.006 

3 

■38.S (-’ s) 

11 1 

.023 

1 ^9 

,006 

4 

.268 (.263) 

T2 

oiS 

20 

.005 

5 

,135 (.0006) 

13 

.oiS 

21 

■005 

6 

098 

*4 

.012 

22 

.005 

7 

,058 

15 

.011 

23 

.004 

8 

.034 

16 

.009 

24 

i 

.004 



Relative j -Values of Potassium Atom IP 

(6) Continuous molecular absorption overlaps the first few nieinljers of 
the principal scries, llic line si,ren;;th was calcuUitccl l)y asvSUiniiiK the lines 
to be imposed on coiiliuuous absorption, thus alterin^i the magnitudes of 
calibration transmissions, 

7 DISC U S S I O N o 1- R V) S U L T S 

I he cliiei i>oinls iieedin^^ careful investigation emerge to l)e the nature of 
foreign gas effects on the intensity ratios; and the ralio of the first line to the 
second line being only between and i6.i whereas the theoiclieal value as 
well as that obtained from exjjeriinent on anomalous d^ispersion is about lOo. 

, The ratios have been caicnlalecl by the direct method, regrded as api'liea* 
blc since the records show pointed peaks in the centres miieh below complete 
absorption range. It would not be out of place to mention that the apparent 
width of these lines inuler a liigli ])Ower miscroscope was for Die nan owes! 
lines about four times the width of the micropluometer slit image (12/O. l‘he 
lines were olitained by a speclrogiaph slit of widlli whicli covers a range 
of about .04 X on the i^liotographic plate in the ultraviolet region and .3 X 
in the infra-red region. The lines therefore fairly represent true disliibulioiis. 
The micropliolometer vSlil had a fixed width, but a finer slit would be preferable. 
Other problems are legardiiig the gieal intensily of llie liaiuls and anomalous 
continuous absorption. 

In the end I w'ish to thank Di. P. K. Kiclilu for suggesting the problem 
and for his continued interest and enconiagemeiil dm ing llie course of these 
experiments. I am iiideblcd to Mr. 11 . M. Anand foi dlscussioiivS lieaiing on 
problems connected witli photographic pliolometry. My thanks are also due 
to Mr. Kundan Lai, M.Sc., and Mi. C. L. Aroia, M.vSe., foi help in taking .some 
of the absoiption photographs. 

The author is very miicli iiidebteil to Prof. M. N. Saha, F.R.vS., of the 
University of Calcutta for allowing the author to use the microj>hotometer of 
his laboratory in the earlier stages of the work. 
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STUDY OF THE ABSORPTION SPECTRA OF MERCURY 
VAPOUR WITH VARYING TEMPERATURE 
AND PRESSURE 

By D. K BHATTACHARYYA and JAGAT MURARI 
(Plate II) 

ABSTBAGT. The absorplioii spectra of iiiercnry vapour with varying conditions of 
leinperal lire and pressure were studied using an absorption chamber of fused cjnail/ and a 
bydrogcti continuum as the background. iTogressive broadening of the absorption line A2537A 
botli with increasing tempe-valurc and pressure was observed. Also a few new bands near the 
absorption line A 2537 ^ were observed. The absorption bauds between 2331 A and A 2341 X 
weie observed to develop and grow clearei ^^ilh increasing pressure at 560* C and 800® C, 
wliile they did not appear at all at 

T N T R O L) U C T ION 

Tlic spcc'l'.uin of tucrcuty vapoui both in cinissioii and absoiption lias been 
studied in detail by RaykiKli (1927) and by Walter and Barral (1929). .They 
have aseiibed quite extensive hand systems to the S])eclnnn of meicury vapour 
in ahsoiiition and the tronhlesome task of phoio^^rajdiing them has l)een 
iiccoinphslicd by Rayleiyh in his excellent speclroj;rams published in his paper 
quoted above. 

The orif’in of these sj)cctra in al)Sorj»tion, howevei, is a bit contiover.sial 
liuint. They do not ajipear if mercury is healed in a carefully evacuated sealed 
quartz tul>e at any tcmpeiature. Rayleigh used an arrangement in which 
meicury boiled under iiiqiosed ail pressure which could be varied fi 0111 about 
three atuiosphcics to any fraction of one atmosphere. Tlie significant point is 
lliat llie hands appear only in tlic presence of air. In tlie iireseiit investigation 
airangenieuts were made for varying the imposed pressuie from zero to one 
atmospheie. A .series of spectrograms were taken with gradually varying 
pressures at any particulai room temperature. The sujierimposed pressures 
were due to the gases niliogeii *and oxygen. No marked cliange, however, was 
observed in tlie s])ectrogiams with nitrogen and with oxygen, pointing to the 
conclusion tliat the sjiectrum is proliahly due to diatomic mercury molecules 
and not due to hssociation of a meicury atom with a gas aloiii. The presence 
of gas merely favouis the formation ot meicury molecules. 
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PLATE 11 


Temp. 8(WC Temp, 560' C 

Picjsuio Pressure 



Absorprion Spectra ot Mercury Vapour witli Varyinj; Temperature anJ Pressure 


Temp. 250' C 


Pret'sure 
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The iJiesent in vts'Lij>atioiis differ from that of Rayleigh iiiaMuucli as that 
the investigations of Rayleigh were made at higher i>iessuies of impose'cl gas 
and with much longei absorption chamber. ()))servalious with smallei pres- 
sures, however, have revealed a few new bands near the airsurplion line A “2537 
X, while the extensive sjjcclrum observed by Rayleigh Itetwcen ^=29^3 X and 
A=26 i4 X did not appear at all. This is due to the fact that with increasing 
extcinal pressures the absorption spreads to longer wavelength side. 

Fmthei a systematic study of the absotplion with varying pressuris and 
•temperatmes as desci ibed in this paper has revealed certain behaviour of the 
absorption spectrum, which docs not appear to have been 'recorded before. 


E X P E R 1 R[ I? N T 

Figure 1 shows the exper imental artarrgertienl. A trllre of frrsed (jUirrtz 'I' 
witji wirrdows of fused quartz sealed orr to it was used as the absor]ttioir ebam- 



bet . The length of the tube was 25 curs arrd diartreter 4 ertts. The tube cotrt- 
rrrurricated with a large lest lube B which was cooled with water itt a bcitker C, 
arrd served to conderrse any vapourised rtter'citry. The charrtber cortld be eva- 
cuated arrd dry nitrogen introduced with the help ol three stojtcocks Ai, Aj, A,,. 
The pressure was recorded by the rrranortreler il. The charttber was stirrourrded 
by a silica tube wound with rrichrortre wire and coveted with asbestos. This 
.served as a funrace and different teirrperatrrr es up to rooo° C coitkl be oblairred 
by varying the heating current. Hydrogetr contrrruurrt rutr by a Foster trails- 
former giving' a iiraxilnrim voltage of aooo volts was used as a continuous 
source. An Adam Hilger Iiiterinediale spectiogiapli was used for recording 
the spectrum. The chamber wa.s made completely leak-tight, so that ou evacua- 
tion the iiianoiiiet^r reuiained perfectly steady for 24 hours. 
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The cxj)eiiiiieiital i)rocedure consisted in heating the ehanil)er containing 
niercury Uj a definite lem])cratnre and then j>hologra[)hiiig the spectrum. Now 
some nitiogen, dried by ()assing through a sulphuric acid tower D, was intro- 
duced and the si)ectruni photograplicd with varying piessuies of nitrogen. 

1C X P 1C RIM IC N T A 1/ R K S U h '1' S 

Abs<)riUion si>eclra for theJempci atiircs of 250° C, 560^ C and 800" C are 
repifuluced. The widening of the absoiptioii line witli increasing lemperaluie 
and i)ressure is very clcculy seen. Lei us consider the i)li()tograph.s (Plate II) 
one Ijy one. 

Lowest Tcml^cralurc 250 "" L. 'J'lns ])holograph shows Ijanded structure near 
1 ij resonance line very clearly. With zero pressure the absor])lion line is very 
shatp. As the pressure is increased to 10 cins. another thin line appears at 
A=:254 o X. Witli fill ther increase of pressure incieasing number of diffuse 
bands appeals and the exj^enl of absorption iiicieases. A notewortliy point is 
that the longer wavelength edge of the absori>tion at A= 254o X remains practi- 
cally fixed and only the shortei wavelength edge is extended towards still 
sliortei wavelengths with increasing piessure. This behaviour is altered at 
higher temperature. 

Temperature ^^60^ C. 'I'his i)hotograpli shows the same general behavioiu 
^ as the last, absoriition line getting wider with incieasing ja'essure of nitrogen. 
But a remarkable difference is that at this temperaluie the structure is iiracti- 
cally absent and another verjr iinjjurtaiit difTcieiice is that in tins case it is the 
short wavelength edge at A=;2333 X neaily, which remains fixed and very shaip' 
with increasing pressure of nitrogen. The widening with incieasing pressure 
takes place with forcing llic longei wavelength edge towards still longer wave- 
length side. 

Tempcraln^e lVoo” L\ This pholograpli also does not show so much structuie 
as the fust one and is more akin to the second pliotograpli. But a difference 
appears at tlie maximum pressure where the short wave length edge which was 
so far very sliarp, lieconies diffuse and some bands appear. 

Some of the absorption edges read from the plate are recorded below. 


Temp 250° C 


'1 emt) 800" C 

-^ = •2533 


^=2533 ^ 

It 


A = 2527 X 


• 

. A = 2524 X 



A = 2522 X 


Assr 25 i 9 1 
A,*25I4 1 
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Besides tlic l)ehaviour of llie absorption about the ichonancc line ll:c altsor- 
plion between A=s23ii A and ^=23^1 A also slums sonic peculiarity, They do 
not appear at all at the leniperature ol 250"’ C. They appear at the Icnipciature 
of 560'^C but here also only when the piessuie is increased to 20 eius. of Hg and 
becomes clearer with iiicreasiu;j prcssiue of nitro^',en. Similar liehaviour is 
observed at the still higher tempeiature of Soo C. 

Our thanks are due to Professor S. P. Piasad for giviug us every facility in* 
conducting this piece of work. ' 

DiiPARTMENT or Physics, 

SciKNCK CoumiE, Patna, 
ifith April. u;45. 
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Piiikelnluirg (uj.rp, I’hya. Zcit.s., 34 , 529. 

Rayleigh iic)27), /’me. Roy. .Soc., 116. 702. 

\Valter and liarnit 11929), P'df. Roy .Sor,, 122 , 2 (>i. 
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ON THE RAMAN SPECTRA OF ETHYLENE DIBROMIDE 
AND DICHLORETHYLENE IN THE SOLID STATE 

By S. C. S 1 RKAR='- and B. M. BISHUI 
(Plate III) 

ABSTRACT. I 'he U am rni Spectra oi ethylene dilironiidc and mixture of r/,s and Iraiis 
dichlonlhylenc in the solid stale at -170 C hav(‘ been studied and Ihebc Raman spectra have 
been compared with those for lire litiiml state The polarisation of the Raman lines rd 
( tliylene dibroiuido in the liquid state has also been studied. It is pointed t)Ut that t\\o of 
tjie intense Raman lines of liquid ethylene dtbroniide which oiij.(ht to have been polnrisi d 
according to the hypothesis put fta-ward bv Miziishiina and Morino (193^4)) are actually 
depolarised. A new explanation that the liquid state of ethvlen.i dibromide consists nf pairs 
of cis molecules forming a configuration having a symmetry CJ^ is offered and its advantages 
over the former one are discussed. It is assumed that in the solid state the configuration 
change's io have the symmetry of the point grouj) l)21i and the observed variation of the 
peiniHiient electric moment with change of state i?. also explained on this hvpothcsis. 


I JS T R ODtiCTl ON ^ 

It was first observed by Mizushiuia, ]\Iorino and Noziri (1936) llial some of 
the Ratnan lines of ethylene dichloride and ethylene dibromide observed in the 
liquid state disappear when the liquids are solidilied at low tem|)eraUires. 'I'liey 
pointed out that the lines observed iu the solid state correspond to the oscillations 
of the molecules of I ram confiuuraliou and those observed in the liquid slate 
are due to a mixture of ris and Iram types of molecules. Morino (1938) 
calculated the frequenci(;s of oscillations of the /nT»i.v configuration of the mole- 
cules of these two substances and assigned the frequencies 188 cnr’j 65(1 enr’, 
To.sbcnr’, 1254 cm"’, i.)4ocm"‘ and 2070 cm"' to the six total syminetiic 
oscillations of tranx ethylene dibroinide molecule. Mizusliima and Morino 
(1938(1) adduced further evidence in support of this assignment by observing 
the changes which these frequencies undergo when the hydrogen atoms 
of the molecule are replaced by deuterium atoms. According to the assignment 
made by Mizusliima and Morino (19380) all the lines mentioned above should be 
highly polarised. 'I'he polarisation of the Raman lines of ethylene dibromide 
had been studied by 'frumpy (1935) and Anantha Krishuan (1937). According 
to 'frumpy the line 14.10 cm"’ is completely depolarised while the value of i> for 
the line 1056 cm"’ was observed- by him to be 0.7- According to Auanlha 
Krishuan on the other hand both these lines are completely depolarised, 'fhus 


' bellow of the liulian Physicnl poeiety. 
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tlicic is £i discrepancy between the v^ilucs of p of tliesc tvN'o lines *icluall)^ observed 
and those expected accoiding to the assignment made by Mi/nshima and Morino, 
and this discrepancy was not explained by them. The problem was tlicrefore 
considered to be worth reinvestigatiou. 

In the present investigation tlie Raman spectra of ethylene dibroniide in the 
solid state at about - 170 'C and in the liquid state at the room temperature and 
the polarisation of the Raman hues of the liquid have been studied. Jn order 
to compare the results obtained with ethylene dibromide, which is su|)posed to 
consist of a mixture of ri\s' and /? a ^/.v molecules in the licpiid state, witli those 
obtained with a mixture of similar but stable cis ami Irans molecules, the Kaman 
spectra of a mixture of cis and imns dichlorethylene in the solid stale at about 
— 170^0 and ill the liquid slate at the room temperature have also l)een studied. 

K X r B R I ]\J E N T A L 

The apparatus used in the present investigation for the study of the Raman 
spectra at the low lcni])eraturcs was the same as that used in a previous investiga- 
tion (Sirhar and Bishui, 1913). Kahlbaunrs pure ethylene dibromide distilled 
in vacuum was put in a double walled cylindrical container of Pyrex glass held 
in a vertical position inside another transparent Dewar vessel. The interspace 
between the two walls of the container was evacuated wnth a Cenco Hy vac oil 
pump, so that on jinuring liquid oxygen into the outer Dewar vessel to fill it 
up to a certain heiglU from the bottom of llie container, the temperature of the 
liquid was lov^ ered only slowly, and consequently the process of solidification 
was very slow. The frozen mass tints iirodiiced was liimsparent. Dry air was 
slowly introduced afterwards into the interspace of the double walled container 
and the temperature of the solid finally reached a steady value of about “ ryo^C 
within an hour. A Fucss glass spectrograph having a dispersion of about 
14 A. U. per mm. in the region of 4046 A was used to photograph the Raman 
spectra. TJie substance was illuminated by light from two vertical mercury arcs 
condensed by two glass condeUvSers placed on opposite sides of the container. 
Cobalt glass filters were placed in the path of the incident rays to cut off 
continuous background in tlie blue-green region of the spectrum. 

I'lie polarisation of the Raman lines of ethylene dibromide was stmlied by 
photographing the horizontal and veitical components of the lines simullaneonsly 
on the same plate with the help of a double image jnism as usual. Tlie liquid 
was contained in a liorizontal Wood’s tube jiiovided witJi a plane window. 
Light from a horizontal mcicury arc focussed with a glass condenser served as 
a cone of incident liglit with its axis perjjendicnlar to that of the Wood's tube. 
The semiverlical angle f2 of the cone of the incident light was about ^30°, so 
that owing to Die convergence of the incident beam the apj^arent value p' of 
factor of depolarisation is given by tlie relation 

-p}\p}/{l-(l—p}/2}^ ,,, ( 1 } 
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^l„rc,h the ,ent rate rf the telor of depolaiisation. and M(a -cosO-c«-l!j 
,„lLa,aeanun.. mol When P^ 6 h, m in the present c^. Oninn 
loss ot intensity ottl^ve„ia,l cctnponeni by reSectton a the smbc^ 
of the prism and lenses of the »,«clrop ap;. the value of / increases Ml 
furtlwr. Hcm-e lines having fi' ulmotst equal to unity may be assumed to be 
totally cleixjiarisetl under the arrangement mentioned above. This conclusion 
is further i.ontJrmetl l>y ihe fact that the values of />' for some of the highly 
jtoJurisecI Jiaes photographed in Uii same sperho/^ram along with these 
ciej)oJarised lines were obsei vcd to be less than o 2 which coi responds to a value 
of p etjnrd Lo (j, 05 accfading to (i). 


'riic Kaiiian spectrum of die liloretliyleiie (mixture of cis and haiis) in the 
solid state at about -i7o"C was studied with the same arrangement as used in i 
the case of solid ethylene dilnomide and that of the liquid was also i>liolographed 
for rom])aiison \Aith the si)ectiogram due to the solid. ^Ilie results arc discussed 
in the following section. 


R J*: vS I' h T S AND D 1 s c n s S r ( ) N 

Tlic Raman lines observed at different lempcraturcs in the cavSe of ethylene 
dilaoiiiide are listed in Table I. The results obtained by Mi/ushima and Moriiio 
in the case of the solid and liquid stales of the substance and by Anantha 
Krishnan (iq.^7) in the case of the liquid stale are also included in the table, 
'rile luniiheis in parentheses placed iinnicdiately after the wavenuinber shifts of 
the lines uidicate apjiroximate relative intensities of the lines and the letters 
e, k, etc., indicate the exciting lines according to KohlrausclTs notation, '1‘he 
letters P and 1) indicate that the Hues are polarised and totally depolarised 
respectively. 

'rile results obtained wdth a mixture of cis and Inifis dichlorethyleiie are 
given in 'I'lible 11 and those obtained by Cabanues (1038) for jiure cis and pure 
I fans dichlorethyleiie are also included in the tabic. In order to understand the 
iialinc of changes which the Raman lines of a mixture of cis and tnuis types of 
molecules iindcigo with the freezing of the mixture we shall first discuss the 
results obtained witli the mixture of cis and iian^ dichlorethyleiie, 


I) I C IT h O K K 'J' TI Y h h: N K 

It can bo seen from eolumns i and 2 of Table II that almost all the 
Raman lines ol the mixluic of cis and iratis dichloretliylene in the liquid stale 
arc also present in the solid state. The following changes are, however, 
observed to occur with the solidification of the mixture. The line 563 cm*^ 
which is of moderate intensities in the liquid stale be^.omes very feeble in the 
solid state. Tlie line 1584 cm"^ which is very intense in the liquid state 
bectJiues bioadcr and weaker iu the solid state. The lines 852 cm"^ and 874 
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Table I 

Hthyleu e dibromidc 

Liquid state ■ 
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S. C. Sirkor and B. M. Bishui 

cur' olismvd in the liquid state coalesce to form a broad line at 860 cm’*' iu 

llie solid slaie. 'i he lines 351 cm"', 407 cm"' and 3075 cm"' aiso unger^jo 
sliqlil ( in jmsilioii with tlie solidification of the substance and a new 

hand at 6u cm”' is observed in the solid state. The spectrograms are reproduc- 
ed in PJate J ^Fi.es- i and 2)- 

i\fost of (he lines observed in the liquid state have been assigned by 
" CiilKiniies io Ihcpnilknhirwodes of vibration of the c/s and irans types 

oi ilic inokciilc. The /nnis couGfiimiiioii of the nioleciik has the synuneiry 
ol Ihc pi>inl L:roii]> Oh ami has accordwe io group theory Sve total synimeiric 
and one anti^^yinjncHic o^ciJhilions allowed in Rawan cffcci, 'Ihe five polarised 
lines 3^1 cur\ c/n”', 157b c/n”' and 3070 enr' are assigncdjo the, 

tittal syinnielric osL'ilhitnniSj and ol these the most intense lines 35 ^ and 

leyi ( ai'e ^tipj/osal to he due io the dcformaiioii oscilhiiions of the C“C 1 
and bonds respectively. According to Cabannes llic Kanjaa -line due to \ 

the mode ol' u^cillalion anlisyniinelric- to the plane of llie molecule is loo weak 
to be observed and tlie line 700 cm"’ is not identified with this osciliatioii, 
because it is not totally dejiolai ised, tlic value of licing 0*7 and definitely less 
Ulan 0/7. Tin’s line is siii)])0sc(i to be an overtone of the defoiiiiLitiori 
oscillation anlisymmelric to llic centre of synuneiry, the fuiidanienta] lieiiig 
forliiddeii in Raman eft’eet, 

In the case of the ns configuraiioii of dichloi ethylene which has tlie 
symuielry Cjv five looil symmetric and seven antisyiiimeliic oscillalio^ns are 
allowed in the Ivaniaii crfcct according to the grou]j theory. The five total 
syininelric inodes are identified by Cabannes (1938) with the lines i7'| 0111“', 

712 cm \ 1179 cnr\ i5S(') cm"' and 3077 cm"' wliich are ail ]»nlarised. Of the 
seven totally deinilarised lines expected from ihc theory only four aie actually 
observed. These are .:)o0 cm"’, 56^ cm"’, 875 cm"' and 3178 cm"'. The last 
one is, how ever, assumed by Cabannes to be due to an overtone of 1586 0111““’, 
but this assuin[)tiou is not justified, because the line is totally de))olarised 
\vhile all overtone modes sln^uld give polarised Raman lines. Again, the line 
ib88 cm ' is assumed by him to be an overtone of 875 cm"' but since both 
llicse lines are almost equally intense, one of tliem cannot be the overtone of the 
othei . In the mixture of n's and Inins dichlorethylcne in the liquid stale only 
a single line at 1695 cm”’ is olx'^ervcd m tlic i>reseiit investigation in jilace of 
the three lines 1630 cm”', 1O88 cm"' ami 1693 cm"’ clue to the Iwt) constituents 
and the line is too weak to he bbseivecl in the solid slate. Also anothei line 
at 3170 cm"' is observed in place ol the lines 3142 cm"' and 3178 cm"' 
observed by Caluinues in rm>Crise of c/.v and traa.s' configurations respectively. 
These facts indicate the influence of van der Waals forces on the freciuencics of 
(lie correspoiiclin^ vibrations. Probably some sort of association disLurks 
slightly the centre or synnuelry of pure Irans dichloi ethylene molecuie in the 
liquid state and wlieii inixed with the cis lyjje this symmetiy is leslorecl. The 
line 3142 cm"’ is probably due to the antisymmetric C-H valence oscillation 
and it has thus a feeble intensity in the i>ure stale and disappears in the 









Raman Spectra of Ethylene Dihromide 


29 


inixtiire because of resloratiou of the centre syimnetry of the molecule. The 
new line at 6o cnr‘ is due to some iulermolecular oscillation, because the single 
molecule cannot have any mode of vibraiit)n of such a low frequency, Tlie 
line is broad and feelde and it is difficult to say wljelher ii is dtie to imre 
lattice oscillation or due to some vibration in associated molecules. 

It is thercfoie seen from the above discussions that in the case of bolli 
cis and Irans molecules all the total symmetric oscillations yield intense Raman 
linc.s and the antisymmetric oscillation in the case of the luins type as well as 
some of similar o.scillations in the case ol the c/sV lyi'C arc absent in the 
Raman si^ectra, 

K T TI Y h K N n 1 ) 1 It R t) iM I 1 > Iv 

It can l)e seen from Table T that many of the lines obseived in ihe case 
of liquid etliyleiic dibroinide are absent in the solid state at the low teiiu^era- 
ture. This can also be seen from the speclroi^rams reiiroduced in Tiate I 
3 ‘"tnd /\). Ihe results arc in j^eiieral a.erecmcnt with iJiosc rei>oricd liy 
Mizushiiua and Morino (10383), but there are a few initior discreiiancies. 
The lines 581 cm”^ docs not disappear comt>elelely in the solid state at -170'’ C, 
but it I)ecomes definitely much feebler 111 llic solid stale, this statement is 
based on the fact that a very weak Raman line at A -1143-8 has been observed 
in tlie jU'cSeiU iiivesti.eation in the case of the solid stale al -i/o'C, allhoii.eh 
Miziishima and Merino did not record any such line in the case of the solid 
al The Raman line 55^ excited by A.1358 almost coincides with 

the line 65O enr^ excited by A433U and the same line excited l>y A 4 (U 17 

ccrincides witii the 1 I>’ line A4140. Hence althou.eh a lainl line is actually 
observed at A44bb.5 ii caiinol be said defuiitciy whethei it is solely tlic line 
656 enr^ excited l)y A4339 or the line 551 cm"* excited by A4358 is also 
supeij>osed on it with a very feeble intensity. It can, however, be stated willi 
certainly that even if the line 551 cm"* Ire superposed on the line 656 cm 

cxeiLcd by A4339 the intensity 01 the former line is almost nef>linible in the 
solid state in comparison with that iu the liquid slate. 

The lines 933 cm' ' and 1157 cm"* observed by Miziishima and Morino 

(i93S«) at -40°C have not iK^eii ol)served in the spectrogram due to the solid 

at -170X obtained iu the present investigation, but a line al 125 cm”* observed 
in this spectrogram lias not been observed by them at *40 ihe results 

regarding polarisation of the Raman lines of the liquid obtained in the present 
investigation agree with those reported by Anaiitha Krisimaii (1937)* Accord- 
ing to these results the lines 1056 cm”* and 1440 cm”* are totally depolarised. 

It is difficult to reconcile this fact with the assignment made by Mizushima 

and Morino (1938a) that these lines are due 1 esjiectivehv to the total symmetiit 
C-C valence and C-H deformation oscillations ot the single molecule 01 /ra«.v 
configuration; because we have already seen that in the case of similar mole* 
culc of ttans dichlorethylene the corresjronding Raman lines are observed to be 
polarised and they appear with undiniinished intensity iu the solid state. 
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According to ISIizusiiima and Morino the solid state oi Die substance consists 
entirely of single molecules of trans conliguration. Tliis molecule Ji is six total 
symmetric and tliree antisyniinelric modes of oscillation allowed in Raman effect 
according to the group theory. Th.e fact that more than nine lines are observed 
in Die solid slate and of tiic six lines which are expected to ho polarised two are 
Inlally depolarised, piobably indicates that Die solid state consists not of single 
molecules but of larger molecules formed by association of single nioiecules. The 
line cui'~’ observed in Die case of the liciiiid state cannot lie due to any mode of 
oscillalion of the single molecule, and Mi/.iishima and Morino (ig^Sh) liave pointed 
out Diat Diis line may raiginate fiom sonic oscillation oi tlie conglomeiale of 
molecules, such congloniei ates being present only in the liquid state. It is, how- 
evei, dilhcult to believe that if eonglomerates are present in Die liquid state Diuy 
can dissociate into single nioiecules in the solid state. ( )n the contrary, Diere is 
every jiossibility of the sli eiigthening of the intermolecnlar bonds in such conglo- 
nieiales witli tlie solidification of the substance. The two new lines and 

53 cm'*^ observed in the solid state may also be due to some vibration in such 
associated gioiips ol the molecules. All these facts indicate Dial wc may have to 
assume tliat solid etliyleue dibiomide con.sists of associated paiis of molecules. 
An attempt will lie made nou to explain the polarisation ol Die Raman lines ol 
the liquid on the basis of this assumption. It lias to be pointed out, however, 
that the polarisation of the lines in solid state may not be Die .same as that of the 
coi resimiiding lines in the liquid state. 



If two moT^cules oi ethylene dibiomide become as.soeialed by some vii Inal 
l)oiid between two bromine atoms one belonging to each molecule, v\e can have 
two different coiifiguraliun.s as shown in figures 6 and 7. d'he configuration 
sliown in figure 6 is centrosyinfnetrical and may be formed by tu o molecules, 
both being either of cis 01 of Irans type. The symmetry ol the configuration is 
L\>h. The character table of this point group as well as the number of Raman 
lines allowed for the configuration are given in Table III in which ut denotes 
the total number of times the pariiciilar irreducible reinesenlation is contained 
in the reducible representation and the number of oscillations represented by 
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the irreducible repieseiitations excluding pure translations and pure rotations. 
The number of Raman lines allowed arc given in the culiunn undei “ Raman 
effect and the nature of polarisation of the lines is also indicated in the 


last column b}^ the letteis V and D. 
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It can be seen from the Tables III and IV tliat both the configurations yield 


tlie same number of Raman lines, but in the case of tliat shown in figure 6, 
thirteen of the twenty one Raman lines are polarised and the remaining eight are 
totally depolarised. In the case of the other configuration shown in figure y(<i) 
tliere should be seven polarised and fourteen depolarised Raman lines. It has 
been observed in the case of cts and ira^is dichlorcthyleiie that most of the 
depolarised Raman lines are either feeble or alxsent. >Since ue do not observe 
more than twelve lines in the Raman spectrum of solid ethylene dibromide any 
of the configurations shown in figure 6 cannot he supposed lo be resi)onsil)le 
for the origin of these Raman lines, because such a couhguration ought to have 
given "thirteen polarised Raman lines. We can, however, explain the origin of 
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the observed Raman lines by assuming that they are clue to the configuration 
shown in figure jfu) and that seven of the twelve Raman lines observed in 
Lhe solid state are polarised and five are depolarised. The remaining depolarised 
lines may be too feeble to be observed, as in the case of dichlorethylene. 

In the case of the liquid stale the vii trial bond between one of the two pairs 
of bromine atoms may be absent thus producing a configuration having a 
syiiimetry C\>v as shown in fig. 'I'his should yield forty two Raman lines 

of whieli thirleeii should he polarised and the rest depolarised. The maximum 
number of lines obscived in the liquid state is twenty-four and of these nine 
arc definitely pefiarised and ihrce of these polarised lines being broad, each may 
consist of two hues. Thus almost all the jiolarised lines expected for the 
conCguralion indicated above are nciually observed. As regards the depolarised 
line.s ten definitely clepolai ised lilies are observed of which three are broad and 
there are three more faint lines which also may be depolarised. This may account 
for allogelher sixteen out of twenty-nine depolarised lines expected. Some of 
the depolarised lines should be absent as observed in the case of ns and I rans 
dichlorethylenc According to the hypothesis pul forward by Mi/.uslnma and 
Morino that the liquid may consist of a mixture of ris and Iraus molecules we shall 
also exiiect twelve polarised and fifteen depolarised Raman lines in the case of 
the liquid state. But the ])resent hypothesis has the following advantages over 
that put forward by them. : 

(d) According to the present hypothesis the line 1051 cm"’ due to the liciuid 
may be totally depolarised, because it can be identified with the C-C valence 
oscillation antisymmetric to the plane of reflection possessed by the associated 
pair of molecules having the symmetry C^v, but according to the previous 
hypothesis the line ought to have been polarised although it is actually not so. 
The line 1056 cm*' observed in the solid slate may be due to the symmetric C“C 
valenc(* oscillation of the model showm in figure 7(a). 

(/i) Tlic lines of frequencies less than lyo cm“^ cannot originate from any 
mode of oscillation of either as or traus ethylene dibromide molecules and so 
according to the previous hypothesis conglomerates of molecules were postulated 
to be present in the liquid slate and absent in the solid state. The present hypo- 
thesis can explain the origin of these lines by assuming that they are due to oscilla- 
tions of associated pair of moiecules present both in the solid and liquid states. 

fr) In order to explain the behaviour of the new lines in the low frequency 
region ol^scrved in the solid state Mizushima and Morino (1938/7) assumed that 
the molecules of ethylene dichloride can rotate freely about the Cl-C-C-Cl 
axis above —95' C, although the rotation about the C-C bond is stopped by 
freezing the substance. In the^xplanation offered in the present jiaper no such 
assumption, which seems to be hardly tenable, has been made. I'he lines in 
the low frequency region may be due to some oscillations of the pair of molecules 
as stated before. 

Besides explaining tlic discrepancies between the obseived fact.s and the 
predictions oi the hypothesis put forward by the previous authors mentioned 
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above the configurations of pairs of n.olecules assu.ucd to be present in the 
iqui and solid states of ethylene dihalides can also exi)lain the [permanent 
electric moments of the molecules observed in the two states. Ihe coufii;ura- 
tion of the pair having the symmetry C.v uill possess a permaneut electiic 
moment and that present in the solid state and possessing the symmetry Dsh 
should have no electric moment, as observed by White and ISIorgan (1937). 

'1 he gradual diminution in the observed value of the permanent electric 
moment of the molecule with the lowering of the tempciature may be due to 
the gradual dimimuion ill the distance between two bromide atoms marked 
A A' 111 configuration shown in figure As the teinperalure is lowered 

piobably the opening in the ring is giaduallj^ nai rowed down and finally the 
gap is closed, and the configuration becomes a centro-symnietrical one with 
the solidification of the substance. With the apt)roach of the symmetry of the 
configuration to the ccnlro-synmietiical one there is a diminution in the change 
in jiolarisability of the molecule taking place during some modes of oscillations 
which become antisymmetric to centre of symmetry in the case of the centro- 
symniclrical configuration. Thus the weakening of the intensity of some of the 
Raman lines, c.g., the lines 551 cm“’^ and 581 cm^’ and 2050 cm”* with the 
lowering of the teinperalure can be explained. 

Atteiiij)ts to explain on these lines the results observed with other similar 
molecules will be made in later coininuuications. 
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SOUND-ABSORPTION CHARACTERISTICS OF INDIAN 
MATERIALS : PART II 

By S. CHATTERJEE and N. DUTT 

abstract. This paper is a continuation of a previous one liy the authors |Chalterjcc 
anil Dutt (1044)] and presents a theoretical investigation of the sonncTab, sorption ehnractcri.stics 
of rigid pDtoiis materials based on the treatment given by i^ord Rayleigh. The nature of 
variation of sound-absorption coefludent with angles of incidence as well as frequencies of sound 
wave incident on rigid porous surfaces of various eharaclerislics has been studied, The 
condition of total absorption has also been incorporated. The absorption coetricient f>f a sample 
of jute sufacc has been calculated iheoretically from the dimensions and properties of the 
sample and a comparison has bcui made with the results obtained experimentally. 

1 NTRODT’CTTON 

Sound waves strikiuK on a plane surface forming the boundary between 
two different media are generally divided into reflected and transmitted portions, 
the amplitudes of which depend on the relative physical properties of the two 
media. If the l)omKlary presents an unbroken solid or Ihpiid surface, the 
amplitude of the reflected beam will predominate and only a minor portion of 
the energy will be found in the transmitted portion. If the surface is the 
boundary between air and a porous material a portion of the incident sound 
wave wouiil penetrate into the pores of the second medium. Assuming the 
pores to be capillary channels there will be degradation of sound energy due 
to the viscous action oi the air in.sidc the pores. Thus in the case of porous 
bodies the amplitude of the reflected beam will be smaller due to the iirocess of 
absorption . 

The equation showing the relation between the absorption coefficient at 
any angle of incidence for a sound of definite frequency on a porous surface 
with pores of definite radius and a definite ratio between uuperforated and 
perforated area and the kinematic viscosity of gas in the pores and ratio of sp. 
heats of the gas has been showm in Paper I to be as follows : 

SM { ( 2 M“+ 1 ) ± + t }• cos 9 , 

li) 

cbst^+ili V4]\f + 1 }- 

Vanalion oj Ahsorpiion xviih Angle oj ] ncidcn< c 

A graphical plot showing the relation between <*«, 0 and M is given in 
Fig. I. The factor M involves not only the characteristics of the surface but 
also the effect of different frequency of the sound wave. As the angle increases 
from normal incidence value i6 = o°), the absoiptiou increases slowly, at first, 
and then more rapidly, it passes through a maximum value of unity and finally 
drops down rapidly to zero at the grazing incidence (0=go‘), 
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I he i a sc of I oiul /IbsorlUion 

I lorn tit;, x. it is noted Uiat foi a particular value of M Iheie 
some ansle 01 incidence (9 at which the absorption is complete. This 

value of 0 is found as follows ; 

Since =j _ cos 6-.V [ ^ 

( + ,t;) cos t? + a.' I [Paper I, 

-9 Will be unity when the terms inside the bracket reduce to zero. 

(i+g) cofi0 — x~o 

^ cos 6- x/i+g. 

Substituting the value of v r., 

[Paper I, 

cos 0 = i).±y 4 M *Ti 

2M 


is always 
opliinuni 


loc, cit.] 


loc, 

... (2) 


FVoiu (2) one gels M = (cos‘^-h i)‘' “S 

4 cos ^ (3) 

«egative Si8„s uTdl'\tT„orM '“i." XVat 

which the absorption would be unity. values at 

value becomes zero. M shall have only one 

M= I 
4 cos 0 

and the value of the auglefl for which there is only one value of M at which 
absorption is unity is given as follows : 

(cos*tf+i)»-8cos*e«o; or cos6=o';4i4; or 6>=65‘‘3i'. 
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For the angle of incidence the numerical value of M at which unity 

absorption takes place is given by 

. r 4 I _ - 

xU— — l/V2 =0.707. 

fig. 2 shows the variation of the values of icos'Vy 4 i — S co.s"^? with 

It is noted from the curve that 
only for angles of incidence 
greatei than 65 31^ the term 
under the lool sign in equation 
(3) is positive, and consequently 
there will be two real values of 
M at which the absorption will 
attain unity. For angles of 
incidence 0 less than 65°3i' 
the term (cos^^ + i)“ — 8 cos'^^ 
becomes negative and coiise- 
quently M becomes a complex term, but from the definition, M is real and 
condition of unity absorption has been deduced by taking M to be real. 
So for any angle 6* less than 65°3i' absorption can never attain unity value, 
but it attains a peak value lower than unity for a particular value of ]\I which 
can be determined by differentiating the expression (i) indicating the relation 
between and M and equating the result to zero. 

Differentiating equation (i) 

={( 2 M 2 + 2 Mcos 0 + i)±V 4^4 + i}’‘* 



(IM 


8 cos + i) ± V 4M* + 1} + 8M cos <^{4M ±' 


i 6 M“ 


2\/4M^ + I 


8M cos 0 { 2 M® + i)± ^4^1^ + 1} X 2{(2M® + 2M cos 0 + i)± v'4M‘’ + i} 


i 6 M» I / 
■(4M + 2 cos 0 ± — ~ ■ " f / 

{ 2\/4M'' + i)/ 

{(2M^ + 2M COS 0 + i) ± ^ 4 ^^ + 
This reduces to 


-8 cos (9 
dM 


, . 16M '' cos & 

cos ^ + 1 ± 2 V4M^ + I ± ( 4 M^ + ± 

v/ 4 M* + i 


i6M'’ 8M* 

4M‘* - 2M cos T 2M cos e V + 1 + - 

^4^1^ + I \/4M*+r J. 


/ 


{(aM® + 2M cos + 1) ± ^ 41 * 4 * + 1 }^ 
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Putting =0 one finds 
tiM 


or 


8 cos 0 


4M^ cos ^-I I ±2V 4 M^+ I ±( 4 M^+ r)± 


i6M '’ cos 0 


V 4 M * + 1 


— i6M'’ 8M^ 

4M^-2M cos 2M cos ^v' 4M‘‘ -i 1 + : + — l=o 

\^4 M* + i v'4M* + i 

( . -’('dM ‘ + -I- 1) 

or (2M“~ i)-; 2M cos 6 *- (jM'"* + 1 ) + - — +(2.M^)-ij± 

( \/.llVl/' + r 

2M cos 0 

v' 4M^+7 


(2M^ — l) = 0. 


M= =0,707. 

2 

Thus for angles of incidence lower than 65'’3i' absorption coefficient attains 
a peak value for a value of ]Vl = i/V2 at which absorption just attains unity 
at the critical angle of incidence of Os^si'. 


Variation aj A bsorplion laith the value oj M 


In order to examine the nature of absorption for different values of M, a 
graph has been plotted to indicate the relation of absorptit.n and jV’ . Hcfc one 
finds a family of curves for diflerent angles of incidence. Since the values of M 
extend over a very large range it w as thought fit to plot the values of M on a 
logarithim scale. This is shown in Fig. 3. 
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The Fig. 3 shows that the absorption factor a# js related to the value of M, 
such that for the same angle of incidence there are two values of M at which 
equal values of absorption is attained and these two values arc symmetrical with 
respect to the value of M at which peak absorption is found. 

Taking Mi=Mo/m and M2*nMo and subsiiluting the value of Mo as 
1/V2 one finds for Mi 



and for Ms 

8»Mo{(2»i^ Mo^h- i)± + 1} cos _6 

{(an^Mo'^ + ^aMo cost>+ 1) ± ^4" ’Mo'' + i}'-^ 

Both these expressions reduce to 

4 v' 2 Ti{(n^ + 1 ) + V n * + I y co^^ 

{(w/*+ V 2 n cos &+ 1) T V + I 

The peak value of absorption is found to be at Mo for angles of incideute less 
than that of the critical value of 0 , i.c., 65° 3'^' ■ 

For angles higher than that of the critical value of 0 the peak values are 
attained for two other values of M. In these cases, a depression of absorption is 
shown at Mo value. As the angle of incidence increases the peaks are separated 
further apart and the depression is more marked. At the grazing incidence the 
entire range of value for M reduces to zero. 

It may be pointed out in this connection that when the dissipation is 
negligible one would get a simplified expression for total absorption as has been 
shown by Rayleigh (1920). 

In this case taking amplitude of reflection to be B one gets 

B — I _ tr 1 
B + I (T + er' COS® 

and then the condition of unity absorption, i.e., 

B = o 


gives 


cos 0 = 


<r + tr' I + g 


A graphical plot of for different values of 0 and g is given in Fig. 4. 

This shows that even for normal incidence one would get total absorption 

which is not realised in practice. Paris (1927) ® cotsi era ion o 

acoustic impedance has shown that under no condition one would get maximum 

absorption at normal incidence- 
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VaiiuUon of a, wilh Frequency of Sound Wave and Physical Properlies 

of the Sample 

The general equation (i) does not give a direct relation between and 
frcqnenty of the sound wave /. A direct relation between and /.can be 
obtained as follows : 

w.hav.!- 

rV'2»r/ yt f 

where S is the factor depending on the surface condition of the sample* 

Therefore S= 5 ii±.€ly_^. 

r\l 2Jr 

vSubstituting the values of v and 7 for air we have 

S=o-36iJ:«. 

r 

Thus S depends only on the nature of the surface of the sample that is on 
porosity and radius of the pores, and is constant for a particular sample. Let S 
be termed the 'Surface factor* of the sample. 

S 

Substituting for M in equation (i) we have 

s! f 
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Simplifying 


4t 




(4) 


f U2S^±f) ± y 4S^} cos ^ 

{(2S® + 2S v / cos 0 + /) ± 

For normal incidence 0 equals o'’, this reduces to 

4Sy7_ 

Eq. (4) gives a direct relation between absori^tion and surface condition of 
the sample and frequency and angle of incidence of the sound wave. 


«o = 


The Nature of S 

I'he minimum value of the ^'Sur’ace factor'* S, which a substance can 
have, occurs when the value of ^ of the substance is minimum and r, the radius 
of the pores, is inaxitnuni. Eel us assume the niiniinuni value of ^ to be o.i, 
i.e.y when about 90^0 of the surface is perfotated. (As the Rayleigh’s equation 
was deduced with the assumption that the pores were moderately small, less than 
0*025 cm. diameter, to allow complete dissipation of sound energy into heat 
through viscous action in channels into which the sound waves penetrate), one 
can accept the maxiniuiii value of r to be about 0.012 cm. 'I'he minimum value 
of surface factor S conies near about 33. 

When the pores are very small (say r=o.ooi cm.) and the area of the 
unperforated surface is comparatively laiger than that of the perforated surface 
(say ^=10), so that 90% of the surface is unperforaled, S has fairly large value 
near about 4000. 

In practice porous surface can be obtained having surface factor varying 
from 33 to values more than 4000. 
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5 (^1 ^>1 d and c) show the variation of with /, for substances 
of diflerent values of S at various angles of incidence. It is seen that for all 
angles of incidence, substances having moderate values of A' have a region of 
maximum absorption within the audio frequency band. As the value of S 
gradually increases the region of maximum absorption gradually shifts towards 
higher frequency till il is beyond Ihc audio frequency band. Thus substances 
having liigh value of .S' show no selective absorption within audio frequency 




I’lO. sfr) 
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IkuuI iJud Iheir absorption simply goes on increasing with frciiutncy. For a 
particular value of S, the licqueucy at which iiiaxiiDum absorption lakes place 
is constant for all angles of incidence less than 65°3i' and for angles greater 
than 65 minima lakes place at that frequency. 

It is seen fioin the curves that in general the lower the value of .S', the 
greater is its absorbing Power. In other words the sound absorption coefficient 
is higher when the diameter of pores lies within a certain prescribed limit and 
the proportion of the perforated area of the surface is higher* 




Fig. 5(e) 

3— 1576?— a 
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J’: X y H K I M 15 N A I, V K K l F 1 C A T I V N 

, 'I'he absorption cociffkieiits of some porous materials at different angles of 
incidence and freriuencics of sound wave have been experimentally determined 
(See Paper 1). 

The variation of absoiptioii coefficient with 0 for one of these materials 
(Jute surface) at different frequencies is shown in Fig. 6. The nature of the 
curve agrees witli the curves theoretically deduced as shown in Fig. i. 



Fk;. 6 


In order to determine the absorption coefficient of any sample from the 
theoretical formula, a knowledge of the surface factor X of the sample is 
essential. N involves the determination of % ‘ the radius of the pores and ' j? * 
the latio.of the imperforated to the perforated surface of the sample. 

I'he values of S ' and ‘ ’ of the sample formed by jute fibres were found 

from a microscopical study of the surface ; ‘ r * was measured directly by means 
of the miscroscope and the value of ‘ ' '^as calculated from a measurement of 

the diameter of the fibres and^the number of fib es per unit area. As the values 
of ' r ' and ‘ ^ * are slightly different at various portions of the surface a mean 
of a large number of readings was taken. 

The average values of r and for the jute sample were found to be 
approximately Joi cm. and T respectively so that the surface factor of the jute 
sample came out to be about 40. In order to compare the deductions of the 
theoretical fornuila with the observational data the relation of the absorption 



Sound-absorption Characteristics of Indian Materials 45 

coefficieut of jute sanjple at au angle of incidence of 30"^ foi’ various fix^queiicits 
has been considered. On plotting the data in 7 one finds that for lower 



values of frequencies there is a very fair degree of agrceineut between the 
theoretical value and the experimental results. But for tlie higher frequencies 
it is noted that the experimental curve of absorption is lower than the tlieoretical 
one. Further one finds that the maxiniuin value of 0.88 is attained at 3000 c.p.s. 
according to the theoretical calculations. The experimental result, however, 
shows the inaxiiiuim at a much lower frequency, namely 512 c.p.s., and the peak 
value of absorption is o’ S3. 

Such a divergence for higher frequencies requires an explanation. It may 
be remarked in this connexion that our theoretical formula was deduced from 
the consideration namely that the unperforaled portion of the surface consists 
of rigid elements indicating that energy incident on this portion is definitely 
reflected at the solid boundary. But if these boundaries are of a resilient nature 
it is quite possible that some portion of energy is transmitted at this boundary 
before they arc reflected. For low frequencies this lime element does not play 
a significant role, but for higher frequencies the yielding nature of the fibre has 
a tendency to absorb the incident energy and the absorption will Ijc afiecled by 
the reflected portion occurring after a definite interval. Iii that case the 
experimentally determined value of absorption will be lower for higher frequencies 
and the peak value of absorption will attain for the value of frequency at 
which the time lag factor is minimiitti. So absorption coefficient attains a 
reduced value at a lower frequency. 

This aspect of the fibre regarding its yielding nature requires a closer study* 
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Here one may also expect certain variation between the phases of the incident 
and reflected waves due to yielding nature of the fibre. 
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SOUND VELOCITY AND INTER-MOLECULAR ACTION 

IN LIQUIDS 

By ram PARSHAD 

ABSTRACT. Attempt is made to c.\plaiii and discuss Partlm.saiatliy's cinpincal lulc.s 
lietweeii sound velocity and constitution of pure organic litpiids, On the liasis of tlic tlicory 
of interniolecular attractive foice.s, it is shown liow cohesion and .sound velocity depend upon 
the molecular structure of liquids. Sotue further rules, especially iietween diainaRnclic 
sn.sceptibility and velocity are introduced. Effect of as.sociation on coinprcssihility and fuclors 
givjjig rise to cohesion and vi.scosity are also discu.ssed, 


T N T R 1) D U C T 1 (t N 

Pavthasaiatliy (11)37) l>as .qivcii M)inc iulercstiii,q rules relating; suiiud velo- 
city in licluids and llieir clieinieal couslitulion. Tliey are all eini)irieal rules. 
Altciii])t is made in the following to discuss and explain llie rules on the basis 
(rf tlie moleeiilar slruclure and llieory of iuterniulecular forces. Some oilier 
rules are' also introduced and discussed. 

Tlic rules given by Partbasaratby may be suinuiarised as below, alimg 
will) examples given by bini ; 

(1) Aromatic compounds have usually higher velocities lliau the aliphatics. 
Benzene has velocity 1310 m/s and ethyl aU'ohol 1207. 

(.2) Among aromatic compounds, tlie ortlio .subslit iieiils liave usually flic 
greatest velocities and ])ara ilie least. Tlie effect, however, is small and maybe 
swamped out by some opposite considerations. 

Kxamples ; — 


Liquid 

Velocity 

Mciers/Sec. 

Compressibility 

^ij din bn I it; ^ 10 ® 

Temp. 

"C 

o.dicliloi'obenmie 

1 

12.16 

j. 

4^7 

2 S,('‘ 

»H<dlrhl()rolATizeiiL 

12:32 

j 


28“ 

()“Xoleiie 

I.i 52 

6.L4 

1 J " 

iM-xyleuL 

132.S 


22" 

/> -xylene 

1330 

f '5 <J 

22“ 


(y) For paraffins, aliphatic alcohols and ketones the velocity inci eases as 
ehaiuTength increases. 
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Ij'iiiid ! 

1 

V 

Coniprc.'=sibilily ^ ' 

Temperature C 

Hexane j 



1 

123 7 1 

23 

Heptane ! 

1165 


iu8.i 1 

23 

Utliyl AU’ohol 1 

1207 


i 

«7 3 - j 

23 

I’ropvl Alt'oliol 1 



Sr -3 I 

23 

Acetone i 

1203 


S'-t i 

22.5 

1 

Diethyl ketone 

‘,U 4 


i ' 

71 2 

j 

24 

(]) As llie chain 

lenglli of ester 

or ether in increased velocity decreases. 

! 

Litjuitl j 

V 

' 

X i(,C 

1 'iemp. C” 

Methyl acetate 

1211 

i 

1 

73 5 

1 

I ethyl aeelaU 

1187 

i 

71J t. 

1 23 -.s 

Propyl acel.ite 1 

lleS- 

1 

1 

80.3 

1 26 

1 

Amyl iicetnie ' 

u6H 

1 

1 

S3.0 

26 

(5) Viscous liquid have greater 

velocities : — Viscosity 

and velocity increase 

ill the direction ethyl alcohol, ethylene glycol and glycerine. Conijn'essibilily 

decreases in the same 

order. 




(6) Liquids whose molecules have dipole momenls show 

' enhanced velocities. 




JB X lij' 

Temp C° 

lU?n/.eiic 



66.8 

23 

Nitroben/ene 

M 5 .S 


37 

28 

Cvelonexane 

1257 


81.9 

23 

Cycronaxatione 

1441 


50.8 

23-5 


Other exanii>Ies arc paraffins and their corresponding alcohols 

(7) Introduction of u heavier atom into the molecule brings down the velo- 
city. Also the introduction of u .ereatcr number of tlie same heavy atom tends 
to lower the sound velocity. 

l''or example see p. 56. 

(8) I'sually the introduction of a double bond favours lowering of sound 
velocity. 
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J^jquid 


0 X l(i« 

Temp. 

Jti) Acetylene clichloridc 

lOJ*, 

75.4 

2 ^ 

CIICI : CHCl 



Tetia chloroethajie 
CI 2 TTC.CTICI 2 

115.S 

4S.h 

-8 

(b) Tetra-chloroethane 


-■)S (1 


'Pc tr a -cli 1 or ocTh y 1 en e 

CljC: CCl, 

1027 

1 

:S 


(9) Among isomers, if is<Miierisni is uol of tlie optical kind, there is difference 
in sound velocity, Tlic xylenes, a and 13 picoliues, l)ulyl and isohiityl alcohol 
sliovv such difference. Ji\it the ojdical isomers, tlie d and / pinens possess identi- 
cal velocity. 

D I v^C TORSION AND EXPLANATION OF U E vS U L T R 


I . Now the fuiidamenlal factor with regard to the structure of liquids is not 
the vehKity of sound waves in them but their compressibility (j^ointed out by 
bergmunn also), adiabatic oi isothermal, given by 




j 

\/ 


where V is velocity, d density and (3 the adiabatic compressibility. 

The authoi (Parshad, 1041] has shown j)reviously how to link ui) com- 
piessibility with molecular forces and only big i)oints may be presented again. 

Among molecules three kinds of forces have been lecognised. (i) Geneial 
forces, or dispersion or London forces. 

They act among all kinds of molecules. The simplified, and approximate, 
formula as given by London is 


where a is polarisability of one molecule, 

V is ionisation or excitation i)otential, 

R i£ distance between the tw^o interacting molecules. 


2. Orientation forces or keesoin forces. 

These forces, as first shown by Kecsom (1916), act between dipoles only. 
At moderate temperatures the energy of interaction U between tw'o molecules is 
given l)y 


11 = - 2 MjW 

rKTR*’ 


(2) 


where ni and //g are the dii)o]e moments of the interacting dipoles and R is 
the distance Ijetween them. 

Other symbols have their usual meaning. 
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3. Induction forces or Debye forces. 

It was shown first by Debye {1921) that there can be attiaction heiween a 
l>olar molecule and a non-] >olai molecule in virtue of the non-polar molecule 
being induced ui)on by the polar, prior to attraction. These forces are the least 
important but are independent of temperature. 

The exi)ression for the interaction energy is 

> ... V3; 

where cx,, cx. are the polarisnbililics of the molecules. Other symbols have the 
meanings given above. 

Apai I from these attractive forces functioning in molecular organic liquids 
under consideration, theic are also found to be repulsive forces coming into 
imi)ortancc at very small distances, and in fact varying inversely as gth or loth 
l)owei of the distance. Their source was not clear on classical ideas, but now 
has been cltaicd up on quantum mechanical considerations. (rOnerally then 
we may have interaction energy b! between tv\o molecules where li is given by 

where ?MS of order 9 to 12, R is intermolecular distance, C,. is constant for 
repulsive fields and for attractive fields. 

'“I'lie molecules would be in positions cf minimum free energy or approxi- 
mately miinmum potential energy. Now it is easy to visualise that the greater 
the attractive constant Cf,, the nearer v^ill the molecules be to each other till the 
separating influence of repulsive fields and temperatures bring them to a stop. 
At that the cohesive energy will be the greatest. 

Note . — Minimum potential energy corresponds to greatest cohesive energy 
since the latter is of negative sign. 

Now it can also be seen that with cohesive energy greai, compressibility 
will 1)0 small. The nearer are the molecules to each other, the greater will be 
the change in energy fer each .small piogi’essive displacement as it w ill be a 
greater luoportion of the existing inter mokculai distance the smaller the latter 
distance already is. In other words the smaller the distance between molecules, 
the greater the rate of change of energy, and hence lower tire compressibility. 
This idea can Ik* jnrl as below : 

T 

1{ a , wlicic tlic power of K is not ineiiliouccl 



R® 



d^l{ 

0 R* 


is of course related to modulus of elasticity (neglecting the temperature 


effect) and inverse to compressibility. 
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Hence 

Compressibility cx ^ a - 

K Ca 

The exact evaluation of coini)rcssil)ility, considering the entropy and 
temperature, involves difScnltics and has not been done satisfactorily to date. 
The calculation is however particularly easy, considering only two inolecMiles 
and their displacement in their mutual direction, neglecting the temperature 
effect, z.r., using only the equation (3). 

By means of the above findings, the empiiical rules al)ont velocity can be 
explained easily. The rules for discussion will not be taken in the order 
presented. 

Rule . — Presence of dipole moments enhances the velocity. 

In terms of dipole orientation or Keesotn forces (eq. 2), the rule is selT 
explanatory. But there are many other factors to be taken inti) craisideration in 
this connection. . We observe lhat the attractive forces are very shoit range forces 
(varying inversely as 7th i)o\ver of the distance) and, so much so, that in an 
accurate analysis, the length and shape of molecules lias to be taken into account, 
and interaction between parts of molecules coiisideied, instead of molecules ns a 
whole, / gain the relative position and the nature of a dipole or dipoles in a 
molecule play a tremendous i)arl in deciding the mode of molecular interaction. 
A dipole which is liiddeii in the rest of the molecule wall not be as effective as 
that which is more open. 'I'he individual cases will be more fully discussed in 
the course of the analysis. 

Associalions . — Another phemotnenon which must lie taken into accounl, 
when considering effect of dipoles, is that of associations. ]l has been established 
from many evidences, electron diffraction, dielectric polarisation. Raman 
and infra-red spectra that many so-called abnormal liquids like w'ater, nornial 
paraffin alcohols, cai boxy lie acids exliibit the tendency of their molecules to join, 
or associate in the form of clusters of two or more molecules. 1‘he molecules 
in any cluster are hard knit up among themselves, being directly under electric 
dipole forces, but are loosely attached to those outside, through only the residual 
forces. Now in sound vibrations in a liquid, w^e may approximately take any 
cluster to move as a whole, i.e., not to have comparatively so much phase 
difference among its constituents as with respect to molecules outside. Hence 
the cohesive energy relevant in our case of sound velocities w ill be that between 
one group or association and other molecules or associations outside it, Now' 
if associations are broken up while other tilings, /.r., temperature, pressure, etc., 
remain the same, the great cohesive energies looked up in different associations 
will be released and molecules all round wfill be knit up more closely, due to the 
freed dipoles, wdtli subsequent lowegug of compressibility. Hence we have, 
taking the reverse, that, on forming associations, compressibilty will increase. 
This picture of association and its relation to compressibility is a rough one, 
but wii do not yet know enough of liquid structure to be more defiinite in the 
circumstances. Another interpretation of associations is that the co-ordinatjou 
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nuinhcr is low, i.c., the nuinbcr of neighbours round a molecule in a liquid is 
less Ihaii what would be if random distribution of molecules existed. The 
in'e.sc nce of directed dipole forces gives an open structure to the liquid. When 
aSh<»ciulioiis are broken, the c(jhcsive energy ri.scs, due to closer distribution of 
molecules. 

'I'lie efl'ecl of association in increasing the conii‘re.ssiI)i]ity is best seen in the 
ease of water, 'I'lie velocity goes on increa.sing and compresibility decreasing 
with teinperatnie up to a ceilain limit. 'I'his is due to associations breaking with 
mci'ea.se of temperature whicli aflei't the liquids in the manner oiiposite to that 
done Iiy e.\iiansion and inciea.se of internioleciilar distance. 


lo discuss the iiile oj di[joIes \ve take a few cases where the simple rule 
breaks down. nitrobenzene, eliloiobeti/.ene and aniline have diiiole inonients 

ol 3. So, i.,s^i and 1.55 Itebye units, and yet their velocities are r^tgo, 1302 
.ind i6i>2 ni/s, ami tlieii coiiipi essibililies .37. b, and 34 7 relative units. 

Consideiiiig iJie details mentioned above, this fact is not unexpected. 'I’lic dipole 
N( of niliobenzene is well shielded by the big () atoms on one side and the 
benzene nudeus on the otber and has very unfavourable condition for great 
intei niolec iilai aptuoach and formation of associations. Measurements of 
dielectric polarisation and infia-retl spectroscoiiic data have well testified to this 
lact of the ah.seiice of any prominent associations. Due to large moment and 
ahsence of associations the compressibility is sufiioiently low, and indeed much 
ic'Ss than that of chlorohenzcne, In clilorohetizenc, the dipole is again inhibited 
from i'lose intennoleriilai approach due to ma.ssive Cl atoms. Again, dielectiTc 
polurisatimi nieasu.emcnts reveal that the molecules form a so-called non-polar 
association, which means that the associating dipoles are not head-on (indeed 
they cannot do so from stcric reasons) but interael in a way, so that their 
resnhaiit dipoje is iieai ly zero. With all these factors of unfavourable configura- 
tion of the (liiiole, low dipole moment, and tlie fact of formation of associations 
the compressiliility is higliest ayid velocity tiio least. Aniline has been found 
to be almost uiiassociated, from studie.s on infra red spectra. Now the NH.> 

dipole has 11 alums which, being of small size, can approach very near lo other' 

inolecnles, thus causing intense inlcnnulecnlar action. These two factors 
together contribute to tlie lowest value of coniiuessibility of aniline. 


Again aceloiw has a dipole moment of 2.1 D and of water 1.5D, yet in the 
latter the commessihility is much lower and velocity much higher than in the 
(on„c.r lc„„M„«sil,il„y .S; vde-i,,- , he dipole is 

s Me ded tmn „„e side, so II, .M „„ly ,l,e Messiiee end , , is outside on the surface 
of the ntoleCMle In tvuter ,l.e dipole is open on a„ sides. Again ether and 

aeeione have Ingl.er , no, neats (r.tl, and r.soU) than the ntontent of 

ehloroforin l..e|)l, yet the oonipre.ssihilily of the last compound is the least 
Ihts ts due ,0 the dis,,orsio„ forees antong Cl atoms becoming important in 
magntln, e. Alcohols and water have nearly the same dipole moment ye, there 
JS great dispanly lu conipressibiljiic\s and velocities. ' 
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Similarly numerous other cases can be quoteJ, stressing the need for nut 
regarding the dipole action as represented only by the dipole moment as found 
from dielectric polarisation measuiements. 

Rule of viscosiiy : — Viscous licpucls have higher velocities. 

Viscosity is the temporary resistance offered to shearing of liquid molecules. 
Now it is evident that the greater the inteniiolccnlar field between molecules 
the more difficult it will be to displace them relative to one another. Hence 
we have, that greater the cohesive energy or less the compressil)ility, the 
greater the viscosiiy or less the fliiidily, that latter being the reciprocal of visco- 
sity. Of the numerous formulae sel up for viscosity by Andrade, Frenkel, 
Raman and others, the general form is 

-A KT 
i/ = Ac 

where A is a constant, K, '1' the usual syipbols, and V an activation energy. 
This activation energy is the energy supposed to be parted to the molecules in 
order that they may overcome tlie potential barriers or be able to move from 
the pits of minimum potential energy. This 1 1 can be taken as a function of 
the cohesive energy, or inverse of compressibility. In fact iJatta (6j (ic>j3) has 
formulated the following : — 

J) 

>/ = ATi;^ 

where // is viscosiiy and x the compressibility. 

The fact that viscosity and cohesion go together, and therefore viscosity 
and velocity, is also showui by their change with temperature. With rising 
temperature, the chaotic motion and the interinolecular distance increase. Due 
to the former, the frequency of relative position of molecules in the position 
of greatest cohesive interaction decreases, and due to the latter, the cohesive 
energy directly decreases by the increase of R in (3). Hence on these accounts 
viscosity and cohesive energy both decrease, the latter lowering the sound 
velocity. 

Partliasarathy’s rule about viscosity is covered by the above, but again, 
on analysing closer, \vc find that the rule is only approximate, like the rule of 
dipoles. 

Now the fundamental difference between fluidity and compressibility is 
that the former is an irreversible or inelastic phenomenon of interinolecular 
action while the latter is an elastic one. The molecules displaced by sliear have 
no tendency to come back, but the compressed molecules return to their original 
positions and configurations when the compressing pressure is removed. Again 
viscosity is concerned w'ith the shearing of molecules, i.e.i movement of one 
molecule or molecular plane at right angles to the other, while the compressibility 
with the movement of molecules in their line of centres. Thus the viscosity^ 
so to say, deals with the anisotropic behaviour and compressibility with symmetric 
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b^iliaviour of molecules. The ajiisolropic molecules will have a viscosity that 
may not in cases be compatible with their value of cohesive energy or compressi- 
bility, and on the other hand the c^mdition will be reverscd,\vhen the molecules 
are more (»r less symmetric. Again viscosity and compressibility are very 
significantly related to association. While the comf)ressibility increases witli 
(ussociation, so does also viscosity, although by our aiJproximate rule it should 
dei‘rease. Due to association a bridge or mesh-like structure is produced which 
and tile anistropy produced by it increase tlie shearing resistance and so the 
viscosity, wliile the cohesive energy is decreased due to decrea.se of immediate 
neighbours and other consideratiem given above. 

j':yAMPbi-: nv deviation oi- r, rtmvI': 

Carl)on taliachloiide lias more viscosity than cliloroform, but the velocity 
and comiJiessibility considerations are in the levcrse order. Isobutyl and 
isoprM[)yl alcoliols have liigher viscosities than the normal alcohols, thus 
not following l^irlliasaiathy’s ink*. The velocity of water increases with 
increase tenij)cratnve in the ordinary laiige due to decrease oi conipresbibilily 
while the viscosity decreases. With iuciease of pressuie to some range on watei , 
its vist'osliy tails while velocity increases. Viscosity and compressibility beliavc 
oi>positely ioi formation of liydrogen lioiicls. 'J'lie viscosity increases wuTh 
formation of liydiogeii lioiuls, while sound velocity decreases and compressibility 
inci eases. 'I'he above is the example of w'atei. ' 

Uiili \ — Aioinatic c^ompouiuls have liighcr vclociues than aliphatic coin- 
iKiunds 

'I he dilleiciicc in these comi>ounds which concerns our ]niri)Ose lies hi the 
following 

A)nsoi)(tj\v fi/ l>i*lausab}li( \\ — Aromatic compounds have their maximuiii 
poiarisability axis at right angles to the piane of the molecule and aliphatic 
compouiuls have it along the molecular chain axis. 

1 wo molecules in interaction w ill tend to set themselves in their iiiaxiiiium 
mutual force-field, Ot . i along their axis of niaxiinum i>olarisabilily. 'J‘he aromatic 
molecules along their axes of maximum poiarisability wu'll have their planes 
parallel. In this position, the atoms at corners of the planes will come in 
close proximity, and exeit extra strong interaction due to individual dispersion 
or London forces. In the case of aliphatic compounds, the considerations are 
just the reverse. Not only is the edhesive ciicigy less due to lower poiarisability 
but also because end-to-end configuration brings in the least number of atoms 
in close proximity, 

The diflcreuce in cineslion between aromatic and alipliatie compounds may 
be shown from vSoinc kinds of experimental evidence, heat of mixing of 
ethyl alcohol in beu/xnc and carbon tetiachloridc, or he])tane; dielectric polari^ 
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sation of alcohol in the above solvents, and the compressibility of alcohol- 
heptane and alcohobbenzeiie mixtures (Parsluid, 1042; Wolf, 1037). 

Rule , — Ortho compounds have highest velocity and para the least. 

The polarisability and vector sum ol dipole moments decrease in the order 
of ortho, ineta to para, producing corresponding Ki'iidation in cohesive energy. 
Hence the rule on compressibilities and velocities. Now it inu.st l)e borne in 
mind that the difference in question is small, and might be iii)5et by any new 
factor, for example, by association, if any. In para compounds vector sum of 
zero dipole moments does not mean no dipole action. The dipoles are so fui 
away, that they act nearly singly. ^ 

Rule . — Velocity increases as chain length of paraffin, aliphatic alcohols and 
ketones increases, 

C hain Icvgllt and alcohols . — Now the alcohols are avssociated liquids, and 
as has been shown the association decreases the cohesive energy. The increase 
of chain length would affect the intermolecular configuration in two ways ; 

(i) 'J'here would be more chain to cliain aggregation. In fact the chain 
aggregation in long chain alcohols and paraffins is well known. Due to number 
of atoms increasing with increase of chain the end-to-end tendency will be 
overcome. The total dispersion forces between atoms in an increasing chain 
will also be increasing. 

(a) I'he association of alcohol dipoles is in the direction of chain length. 
With increasing chain, therefore, the tendency of forming association is 
decreased. Ikidger and liauer (1937) found that the association band of 
alcohols fin infra-red) decreases in intensity as chain length increases, This 
decrea.se or removal of associations leads to higher coliesional energy. In the 
case of paraffins the dispersion energy will increase with chain length, due simply 
to the increase in the number of atoms hi a molecule. 

In ketones, although the dipole moment may be thought to leniain the 
same, the dispersion energy will increase with increase in the size of the molecule. 
And due to the shielding of the positive end of the (^pole in ketones, the 
dispersion energy is quite appreciable relatively. 

Rule . — Velocity decreases as chain length in ethers and esters increases. 

(1) Ditwle wonienls. — As chain length increases, the dipole moment 
decreases. 

Methyl ethei 
lUhyl ether 
Piopyl ether 

The rule is self-explanatory. 

Rule . — Unsaturated compounds have lower velocity. 

The rule does not seem to be general. Kthyl bromide has the velocity and 
the compressibility of 892 m/s and 88,1 x Ab units at 28*^0 while ethylene 
bromide has the respective values of 1014 and 44.7 x The same behavioui' 


dipole moment 1.29 D. 
„ „ 1,12 D. 

„ 0.86 D. 
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is expected of ethyl chloride and ethylene chloride, but their values are not 
j^iveu in literature, 

'rhe following considerations support the rule ; — 

(1) Double bonds and polatisahililw — A double bond has polarisability 
(Denbigh, ig/jo) slightly larger than a single bond, but considering that in anj 
molecule tlie double bonds arc formed at the cost of U\o single bonds, the total 
polarisabilily of a molcLule with single bond is greater than that of a molecule 
of corresi>onding chemical class willi double bonds. 

(2) Due lo residual valency forces, the unsalurated comi)Ounds form asso- 
ciated products, and tliis may tend to lower their velocity though we cannot 
push this conclusion far, as this association may have different grounds and 
other factors than those already considered. 

( 3 ) With removal of double 1)oik1s more atoms come into the molecule which 
can exert additional dispersion and other forces and so cnliance cohesion, lower 
comiu'essibility and increase velocity. 

The following is against the rule : 

Dipole atiion. — It has been showm )>y Smyth that the dipole moment of 
double bund between atoms of different elomenls is much more tlian twice the 
moment for a single lumd, anel similar is the case for a triple bond. For example 
the cyanide monicni is eight limes that of the single caibon-nitrogcn bond, and 
double bonds between carbon and pxygen and between carbon and sulphur have 
inoments slightly less than three timcvS those of the single bond. The considera- 
tion seems to go against P irthasarthy ’s rule. Hut Fartliasai thy studied the 
compounds CllCl-CIICl and CilCU.CHCb; CCI,-CClo, and CUCl,. CHCl, 
and in these coini)ouiids the bonds are between similar atoms and so Smyth's 
conclusions are not strictly applicable here. 

Rule. — Introduction of a heavici atom in the molecule decreases the 
velocity. # 

The rule seems just fortuitous as has been pointed out by Hergmann also. 
It seems to liold more with velocities than with compressibilities. As a matter of 
fact it seems just the reverse for compressibility. 

In the table below R.H. denotes ^ Rule held ' and R.N.H. denotes ‘ Rule 
not held.’ 

The table has been taken at length, clue to many points involved. We note 
that Parthasarthy’s rule about velocities is held in most of the cases, with excep- 
tions here and there. What is more inipoitant to note is that the rule does not 
hold at all with legard to compressibilities except for the pair carbon tetrachloride- 
chloroform, 

Nob\“Parthasaratliy's rule about compressibility maybe taken as meaning 
a decrease of compressibility where increase of velocity is indicated. 
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SUBSTlTUXrON OF A HALOGEN BY A HALOGEN 


i 

No. 

Compound 

Temp, 

X'elocity m/s 

Compressiblity x 
absolute unils 

T 

Butyl bromide 

Butyl iodide 

25-5 

2^.0 

Ik.H 

9 S 9 y 

' 5 ;^ jk.N.H. 

2 

Acetylene tetraeliloride 

A cety leue tet ral >i c unide 

28.0 

28.0 

Jr.h 

1 ) 0 ^ k 

jR.N.ll. 

3 

Chloroform 

Bronioforni 

23 -5 

24 0 

(! TJ If 

9.n,.8 


4 

1 Methylene chloride 

Methylene ])rc)mide 

1 ,, iodide 

23. .s 

24.0 

24 

-K.n. 

071 2 \ 

977.0 R.N.IT. 

jR.N.ii, 
31.5 R.N.IL 

5 

Eth> lene chloride 
,, bromide 

i 23.0 ' 
1 24 0 



6 

But} 1 bromide 
,, iodide 

1 1 
1 2S.0 i 

1 28.0 

1 



7 

Chlorobenzene 

broniobi‘ii/eiie 

23.0 

1 28 0 

1 


1 


A D D I ' 1 ' ION ( ) I' TI A L O G N S 


I 

]\h n( 4 jromo-ethane 

28 

Kyj 

1 

88. 1 

) 



1 )ibronioethane 

i "4 

J014 

R.H 

4 ' 1-7 


R.N.II 


Teti abroiiKjethaiie 

28 

1007 


3 .V,< 

I 



Melliylene bn niide 
Bromoforn\ 

24 

23,5 

97J 

i y 29 


43.2 
40 0 

\ 

K N II, 

3 

Cliloi (-benzene 

23 

1 


53 *''' 

? 



I )ichlort.»benzene meta 

28 

! 1232 

! R,H, 

1 

i 51-2 

R N 11 . 


,, para 

1 25 

; J246 

49-7 

) 


4 

Chloroform 

Carbon tetrachloride 

23 5 
23 0 

! 1 00 1 

928.5 

i 

|r II. 

67,3 
72 6 

! 

R.H. 


The rule about velocity conies to be held for the reason that with increase of 
the mass of the haloRen content the compressibility does not decrease so lapidly 
as the density increases, so that velocity on the whole decreases. 

The following i)omls may be offered relevant to the problem. As a heaviei 
haiogen atom is introduced, the following changes lake j>lace: — 

(1) The dipole moment decreases. This consideration will decrease the velo- 
city and increase the compressibility. 

(2) The polarisabilily increases; the atomic number increases and so docs 
the polarisabilily, as this depends upon the niuribei and square of radii of 
different shells of electrons. This factor will tend to increase the cohesive 
Clergy. 

(3) Si^ric hinderance . — As a bigger atom is substituted, it will be difficult 
for other molecules to approach it as near as Ixifore when the atom was smaller. 
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On this consideration, cohesive energy will decrease from chlorine to iodine. 
Actually it is the ))olarisability consideration wliich is the most outstanding and 
so comincssiliility falls ^^hc■n a heavier halogen is substituted for a lighter one, 
or when the halogen content is increased. We have seen in Hq. (i) and (3), how 
polarisabiiity increases interniolccular cohesive eiiergy. 

The consideration of stenc hinderance is hinted at by examining more 
closely the case of aliphatic and aromatic liquids. In aliphatic liquids, the 
decrea e in coippressibility is relatively more than in aromatics and this may be 
significantly dne to the different molecular structures of the two classes of 
]i(liiid?. 

Ill aliphatic compounds, the question of steiic hinderance is not expected 
to be much as the interaction is mainly end to end. But in aromatics, however, 
the consideration is difierent. We have seen before, that interaction in aroinatic 
compounds is in the direction at right angles to the hexagonal planes and is on 
this account quite intense also. Tlip presence of bigger atoms will debar the 
other C-II groups of the [danes tc» Cfime in the same close proximity as before and 
so intei action will be elTectively decreased with the conseciucnt increasing of 
comi)ressil)ility from what it would be otheiwisc. The above explanation with 
regard to aliidiaiic and aromatic compounds throws additional light on the 
diderent modes of interaction in these compounds 

Rule . — Velocity in isomers is different. 

With regard to the consideration outlined in the beginning for establishing 
relati(ms among cohesive energy, com]»ressibilily, moleciiiar fields, etc., it is i^ot 
diflk^uU to see that different isoineis should have different velocities and compres- 
sibilities. Isoalcohols have in general low’er velocities and higher compres- 
sibilies than the normal alcohols as the dipole O-H, by coming in wdtliin the 
sti net lire of the molecule, is unable to take as much an active part in interaction 
as vvhen it is outside in normal alcoho's. Of course in isomers of the optical kind, 
the molecules are identical as far as interniolecular action is concerned. 

Other rules. 

Besides the above rules of Parthasarthy, we introduce some further rules 
relating to compressibility and moleculer structure. 

(1) Rule , — Increase of magnitude of diamagnetic susceptilnlity tends to 
iiiciease sound velocity and decrease the compressibility. 

Ortho substituted benzene have the greatest susceptibility and decrease 
in i>assing to meta and then, para, W'hile velocity also in general varies in the 
same way. 

'I'ho rule about diamagnetic susceptibility is also approximate and inci- 
dentally holds more for velocities than compressibilities. 

(2) IJiWc.— Liquids having higher boiling points have higher velocities. 

Ivxaniples are self-evident but still those of alcohols and hydrocarbons 

may be mentioned. Increasing chain length increases both the boiling point ai»d 
velocity, 
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(3) Rule. — L,iqHids having greater heal of vaporisation have liigher 
velocities. 

(4) lucreasiiig size of molecules show increasing velocity, 

(5) The presence of many Oil’s in the molecules and situated distantly 
from each other, enhances sound velocity. 

Example . — Velocity rises greatly and compressibility falls as we i)rocecd 
from monohydric alcohols to polyhydric alcohols. 


j? X A i‘ iv i; s 



Temp, C" 

Velocity j 

Compressi- 
bility X 10^’ 

Su.scceptibihTy. 

(i) Metliyl Alcohol 

1 

2c'7 

1 130 

989 

— ‘65 fat -3 o''L 7 

I'Uhyl 

235 

1 207 

87-3 

— ’01 (at -2o®C) 

I’ropyl ,, 

2 To 

1234 

81-9 

— -766 

THihl 

23‘9 

>315 

71 \S 

-'“‘743 

(3) Methyl acetate 

2 .ya 

1211 

73*5 

—'300 

Ethyl acetatt* 

23 5 

J1K7 

79 '9 

-•581 

(3) Chloroform 

I 

23 5 1 


671 

—-488 

Hi on inform 

'.M-o 


40 ‘0 


Carbon tetrach boride 

23''^ 

S-Ss 

72 6 

■ ■4*29 

(.]) Methylene chloride 

23’5 

' lob'i 

6 b 2 

--‘310 

^Methylene lironiiiU^ 

2.1-0 

97* 2 

43 2 

-■379 

1 

Mothykne ioditlc 

24 o 

9737 

3T5 

1 

““■349 

ICethyleii chloride 

23-0 

1 I 24 <^ 


- (jo2 

Elli> lene liroiin'de 

. 2 .\\j 

1014 

1 

4-17 

1 

-‘422 

t 

(5) Cycloncxanone 

•TV 5 

i L]V 

5 o'8 

1 '6.1S 

Cyclohcxanol 

24'0 

l(U 2 

40' 2 

j —727 


I) I S C U S S I C) N 
Rule concerning diamagnelic su.sccptibiliiy. 

(1) J^iainagnetic susceptibility and intermolecular energy. Susceptibility 
is related to polarisability through the expression — 

4-1576P-^2 
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h-a _ V 2 


uIriu X susceptibility, a the polarisalnlity, r tlie distance of the electron from 
the lutreleus, the other symbols having their usual meanings. The expression 
foi polaiisabiiity is approximate. 

Kirkwood (io:^ 7 ) has given an empirical relation : 

X ' ' 5 > 

4mr^ 

ii(, is the value of i llohr radius ; 

and Ihickingham kio37) gives the formula 




2 

-vo<^r->c. 


where o^o the pokirisalnlity of the ring of electrons in number and of radius 
I'n- 

I/mdoii giv^es U tlie inter molecular energy l)et\veeii two molecule, as 

. 

o^k Ckp 
\k ■''X/- 

k and /> t)erlain to the two intcraciing molecules. * 

'I'lic above expression is for only a simple system of molecules having one strong 
frequency - 

(2) Angus and Hill (1940) .-"They conclude by investigating the suscep 
libiiily of associating substances like ben/oic acid in solvents like benzene and 
ethyl acetate that as association increases, suscei)til)i]ily decreases. We have 
already seen how' association increases the compressibility, and hence our rule 
of diamagnetic' suscei»tihility. However Aiiaulkrishnan and Varadachari (1944) 
criticise the conclusions of Angus and Hill, but as far as pure liquids are 
concerned decrease of association does seem to be rellected in increase of sus- 
ceptibility. Thus vSibaiya (1935) finds that susceptibility of ice is considerably 
less than that of water, and Varadachari (1035) litids that susceptibility of 
water rises w ith temperature. Rac^ and Sriraman (193S) finds that molecular 
susceptibility of formic acid is 20.53 and that of the formate ion is 17.3. The 
two values should have been identical if formic acid molecule were monomeric 
and which we know^ to be mostly dimeric. 

Rule . — Velocity iiicieases witli increase of heat of vaporisation and boiling 
point. 

The exact mechanism of boiling, like that of melting, is yet obscure, but it 
can be roughly seen that before a liquid can boil, a molecule has to gain enough 
kinetic energy, so as to be able to overcome the force of cohesion that bind it 
to other molecules. The greater the cohesive energy, the greater the heat of 


I 
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x’iipurisatiun. The boiling point will also rise with heat of vaporisation for 
boiling point is an indication of the heat of Uinctic energy of a single molecule 
which has to counteract its cohesive energy. In tact according to Trouton’s 
rule ML(/T is constant for unassociated liquids where h ~ heat of vaporisation 
and T the boiling point and M is molecular weight. l,cnnard Jones (ri,) 3 q) gives 
the approximate formula 

i' 

where 'i t, is the boilin^j point and '/<„ the total attraction energy between a |)air 
of molecules of the liquid. Now boiling is insensitive to the kind of moleculai 
force of attraction holding the molecule betore its escape, viz., whether the 
molecule is associated or not. It it is not associated, it has to overcome the 
general sort of cohesion of other molecules upon it. If it is associated through 
a hydrogen bond or othcrvvi.se, it has to overcome mainly the attachment with 
its associated molecule or group. Due to the.se considerations, the relation 
between heat of v'aporisatioii and compressibility is sometimes distorted. 

Rule . — The size ol molecule. 

As the size ol the molecule iiici eases, there can be greater dispersion energy 
between the molecules leading to lower compressibility. It can be seen that 
as the size of the molecule increases, the state of any kind of molecule changes 
from the gas state to the liquid and then to the solid state. There is not much 
need here to labour the point further. 

Rule . — Presence of many OH’s in the molecule. 

The greater the OH's in the molecule, the more will be the dipole interaction. 
The intensity of general cohesive interaction will be favoured by the placing of the 
( )I1 's far from each other in the molecule- Then any steric hindrance of one ( >11 
for the other Oil, in bringing other molecules for dose interaction, decreases, by 
their acting independently, the Oil’s make the whole molecule active rather than 
some part of it, if the dipoles occur together. But we must note that in 
accordance with our previous treatment of the problem, it will be the viscosity 
that will increase at a more rapid rate than cohesion. The case in point is of 
l)olyhydric alcohols- 

Similarly many other rules relating to suiface tension, refractive index, 
dielectric constant, etc., may be foimulatcd because all of them arise in neneral 
from foctois causing cohesion. 

I thank Dr. A. K. Dutta and Dr. P. K. Kichlu for helpful advice and 
discussions. 


Pinsics Lauoh.VXokv, 
Govt . CoLuuom, 
Dahuke- 
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MAGNETIC STUDIES ON CUPRIC IONS IN CRYSTALS 

By a. MOOKERJEE 

ABSTRACT. Maguetic anisotropy and principal su.sceptiliililic.s c^f few alkali cuptie halides 
have been measured and the resnlls are diseus.scd in relation to erysfal slruciure and \’an 
Vleck's theory. The relative orientations of the paraiiiagnetie units in cupric Tutlon salts 
have bcqi calculated. 


I. INTRODTICTTON 

The magnetic behavior of cupric ions in single ciyslals of CuS(),t.5llat) has 
been studied by K. S. Krishnan and the present writer (lyob, iQ.v'')- It was 
shown that the electric field in the neighbourhood of the CiT ^ ion has tetragonal 
synunetry, imparting on the crystal a uniaxial magnetic synimetiy. The 
maguetic data combined with the known fine structure of the crystal reveals tlial 
the maguetic nionieut for directions uonnal to the axis of symmetry of the para- 
magnetic unit has the spin-only value, while Ihe moment for direction along the 
axis of symmetry gets some coiilribulion from the orbital angular momentum 
over the spin-only value. 

Cupric alkali halides, for which X -ray data are available will iirovide 
interesting magnetic studies of single crystals as there is the possibility of cal- 
culating the directional magnetic properties of the paramagnetic unit in these 
crystals and compare them with those of copper sulphate pentahydrate. In this 
coimnunicatioii arc presented the results of a systematic study of some of these 
crystals as well as of cupric acetate uionohydrate as it is a less hydrated crystal, 
is therefore niagiictically more concentrated than the other copper salts and thus 
may show iuteiesting magnetic behavior quite different from the above salts and 
the cupric Tutlon salts. 

If . p; X I' U R I M F, N T A I. 

The method adopted for the measurement of the anisotropy is that of 
Krishnan and Banerji (1034). The crystal is suspended at the end of a calibrated 
quartz fibre in the centre of a hoinogeueous magnetic field with known directions 
vertical. The direction in the crystal which sets along the field and the difference 
belw»een the maximum and the minimum suseeptihilily in this plane were deter- 
mined. 

By suspending the crystal separately in any convenient vertical direction 
and allowing it to take up its natural orientation in a uon-honiogeneous magnetic 
field, one of the principal susceptibilties of the crystal was detei mined by the 
magnetic balancing method of Krishnan and Bauerji (1937), which, combined 
with the anisotropy measurements, gave the principal susceptibilities. 
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I/I, RKSIL'I'S 

« 

Results of iiicasureiiients are collected in Tables ] and II and expressed in ibe 
usual units, or., of a e.g.s. electromagnetic unit. For the tetragonal crys- 
tals the gram molecular susceptibilities along the axis of syimiietry of the crystal 
and for directions normal to it are denoted by Xn Xi respectively; for 

monocliuic crystals x.i is the gm. mol. .susceptibility along the ‘ b ’ axis, while 
greater of the two in the (oio) plane is denoted by Xi and the smaller by \2. 
^ is the angle which the ' a ' axis makes with the X2 ^^xis- Effective magnetic 
moments (/^,) arc calculated by using the expression =:3.84 v' c'/T where 
/»j, e, 3 or E and ii : is the principal susceptibility corrected for diamag- 

netism (for both cation and anion). Mean effective moment (^i^) is given by 


3 3 


The diamagnetism of CiF ion was calculated tu 


l)e - i.j .8 X JO by tliLMiielliod of Mater as moclilJcd by Angus (1932)- The 
following diamagnetic correcrions for the different grou])s as given in Stoiiti 's 
book ( “ Magnetism and Matter,’* page *170) were adopted. 
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IV, MAG NK 'lie anisotropy 1 N E Tv A T I O N TO 
CRTS T A L S T R C T U R E 


We proceed to discuss the results obtained in tlie previous section in relation 
to X-iay data concerning the parainagnelic unit in the crystal. 

CuCl^-^KCl.aHaO — This crystal has been analysed by X-ray methods by 
Hendricks and Dickinson (19^7) and Chrobak (1934)- It is assigned a space 
group with two inolccules in the unit cel). Chrobak finds after detailed 

Fouiier analysis that Cu’ ' ion is at the centre of an octahedron formed by two 
oxygen atoms at opposite corners and four chlorines, the diagonal joining the 
two oxygens being along ‘c’ axis. The two oxygen distance (Cu-O) from the 
central Cu^^ ion is 1.97A'’. Two chlorines arc in the same plane as CiC ' ion 
and oxygens are at a distance (CirCh) of 2*32A'\ 41 'lie other two chlorines which 
are located centrally above and below this plane arc at a distance (Cu-Clu) of 2.95A''. 
There are two such groups in the unit cell of the crystal and are parallel to 
each other. Let the gin. rnol. susceptibility along (Cu-Chi) be represented by K„ 
and that along (Cu- 0 ) by Kj; Ku should be greater than Ki. Evidently 
X„ along the 'c* axis of the crystal should be equal to Ki and xi equal to K „ . 
As a result should be greater than Xm vvhich is observed experimentally. We 


have then K.,“Ki - xi - X.. = 265 x lo"’’ and ^ == - 

3 3 

1250x10"*^* at 30' C. Hence the anisotroj^y of the individual group is about 
21% as against 40% for that in the crystal of CUSO4.5H2O (Krishnan and 
Mooklierjee, 1938). 

CuCl2.2NH4Cl.2H2O— This crystal has also been studied in detail by 
Chrobak (1934). Two alternative structures are proposed. According to the 
first CiC^ ion is at the corners of n an octahedron formed by two oxygens at 
opposite corners and four chlorines similar to the potassium salt, ‘c’ axis being 
parallel to the diagonal joining the two oxygens. According to the second 
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slructure Cu' ' ion should Ijl- at thu centre of a cube formed by eight chloriuc 
atoms. The centres of opposite faces are occupied by oxygen atoms and the 
line j'lining them is parallel to 'c’ axis. 

From the available X*ray data it was not possible to decide between the 
luo. Krishnan and lilookhei jee (ry.^Si showed that magnetic anisotropy measure- 
ments favoured the first structure, i.c., same as the potassium salt. Since the two 
parumagnetic units in the unit cell of the crystal are parallel to each other xi 
shoidd be greater than x« ‘‘s before. This was also observed. 

F.vidently \i - Xu = K „ - Ki = ;25S x ro"*' and =^ 1 — = 

3 3 

I ->yo at ,^o' C ; so that the anisotropy of the unit is about 20%, almost the same 
a.s tlie i)olassium salt. 

CUCI2 2RbCI.2ll2(‘> — For this salt no detailed X-ray data are available. 
There are two molecules. If the disp<Jsition of the chlorine and oxygen atoms 
about the Cu ' ' ion is the the same and if Hie orientation of the groups is the 
same which is very much lo be expected Ibc an isolropiy of the paramagnetic 
unit will be about 21%, almo'st the same as the other two halides. 

Cupric Tutlon .Salts — Krishnan and Mookherji (1937) made measurements 
on a large number ol Tulton salts at room temperature. Tlic distribution of 
the o.xygen atoms surrounding (he cupric ion if taken to be the same as in 
CnSOv-SHiRl crystal, /.c., four of the oxygens contributed by fnm water mole- 
cules, form a square with CtC ' ion at the centre; the othei two which are 
contributed by the .SO.,"' groups lie centrally above and below the square, bpt 
at a much lurgei distance than the other four oxygens, one should expect the 
anisotiopy of the paramagnetic unit to be at most the same as CuSO^ .sHaO. 
Tutton salts have been studied by X-ray methods by Hofmann (1931). There 
are two molecules in the unit cell of the crystal. Let the symmetry axes of 
these two units be represeutcd*l)y Zj and Z^. All the crystals are mouoclinic 
and the (oio) plane is u symmetry plane ; 00 the principal magnetic axes iiiid 
susceptibilities of one of the units can be obtained from those of the otheis by 
reflection in the (010) plane of the crystal. Since the iianunagnetic unit 
possesses uniaxial magnetic symmetry xa should be the direction uorinai to the 
plane containing Zi and Z^ ; Xi should be the internal bisector ol the angle 
at/- between Zj and Zo. 

Fvideiitly = K „ cos'‘*\!' t- K, sin'-^ii ; ^.2 = K.i ; ^3 = K, sui'"^ t Jvi cos'^i/'. 

cos2V'=,.^* and txi -r\.2 ^x.•l)/3 = ti^ll + 2 Ki)/'3. 

K (1 K I 

IJbiug the above equations we have calculated the relative orientations .(2^) 
of the two paraniagnelic units anti tlicii principal susceptibilities Km and 
as shown in Table III. It is found that the values of (K,, -Ki ) compare 
well with that of CuSOh-5H.^(^ (K*-Ki =550), The variation of K„— Ki 
from 640 to 5tH) is very much to be expected as the distances of oxygen atoms 
from the Cu ion should not be exactly the same in all cases. 
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Unlike CUSO4.5H2O Tutton salts have six oxyj;cn atoms iroiii six water 
molecules for the formation of the octahedron hence one might say that these 
octahedrons should be regular and not drawn-out ones as is supposed. Bui 
this dissymmetry in the unit is very much to be expected because of the well 
known Jahn-Teller Theorem (1957). 


Table III 
Data refer to 30® C 


Crystal 

1 

K II - K 1 1 

1 

1 

1 

1 j 

1 

K.. i 

! 1 

Ml, 1 

Ml 

M 
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! 
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i 

I Kl 
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1.S4 

1.97 
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495 1 
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2.16 

1 .86 

1-97 
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i 

78.4 1 
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2.20 
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>•97 

CuKa(Se04la.6n20 

^)39 ! 

79 3 

1,870 

2.2-1 

J 86 

2.02 

CnRb2(Se04).6H.a0 

030 j 

1 8 ’.9 

J. 74 <> 

.21 

i .81 

I -95 

CuTl2uSe04)a GllaO 

.sHo 1 

1 

\ 

i,()go 

2.18 
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Mj and n „ denote the eflective magnetic moments of the paramagnetic unit wJien the 
applied magnetic field is along and perpendicular respectively to the s>'nmietrv axis of its 
[ tvstalline licld and n is the corresponding mean magnetic moment. 


V. MAGNETIC BEHAVIOUR OF CUPRIC ION vS 
IN crystals 

Cupric Alkali Halides — As revealed by X«ray studies the paramagnetic units 
of these crystals are made up of octahedrons of four chlorine and two oxygen 
atoms with copper at the centre. Two oxygens and two chlorines form a square 
about the cuj)ric ion ; the oilier two chlorines lie centrally above and below this 
square. This octahedron is not a jcgular one. But the line joining the two 
chlorines aliovc and below the square is drawm out. As a result the crystalline 
electric field acting on Cu'*"^ ion in the crystal should have approximate tetragonal 
symmetry like CUSO4.5H2O. The potential of an electron placed at the point 
X, 2 is then given by 0 = D(A-'^ + y^H‘^V)H- Afx^*f — 2^^) and the suscepti- 
bility along z-axis, i.e., the tetragonal axis should be greater than along directions 
normal to it. Van Vleck (1932) has shown that the orbital moment is conserved 
only along the symmetry axis while along other directions it is of high frequency 
type. Consequently along axes other than the symmetry axis the magnetic 
moment should have the spin-only value. On referring to Table II we find that 
ui which in this case evidently corresponds to ??„, the moment along the 
symmetry axis of the paramagnetic unit, varies from 1.91 to 1,9^1 wliilc /v.„ which 
corresponds to tu, the moment along the normal to the symmetry axis, 
varies from 1.77 to 1.73. Now the magnetic moment for one spin only is 
j.73[^ = 2 + s — i]. Thus there is fair agreement of the experimental 
findings with the prediction of the theory. 

In case of CuSO^.sHgO it was found that n„ was equal to 2. 13 and 
m — T.So. The distance between the CiC'*’ ion and the oxygen atoms centrally 
5— 1576P— 2 
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above or Wow the square 2.4 A. V. and is smaller than the distance (Cu'-Chi) 

A. U. in potassium halide. One naturally expects that »ii for CuS()4.5HjiO 
should be smaller than jiji for potasMum cupric halide, synirnetiy of thc‘ 
crystalline electric field beiiii; the same. Hut reveise is the case as is found in 
Table II. This is not difficult to undeistaiid, for ^ioing through various 
interatomic distances in these two crystals one finds that the symn:etiy axis of 
the paramagnetic unit in CuCb^i.^RbCb^ JII2O us not so syminetiical as that of 
the i»aiamagnetu‘ unit in CiiSt ) ^ .5II 2,0. vSo the orbital contribution along this 
axis is iiiofL: than lor that of the halides. This also ex]dains why the mean 
moment in alkali halides is nearer the spin-only value than in the case of 
CuSr)*.5ll2(). 

q'littoii .Salts A^> shown in Table II these salts behave similarly as 
CnSn^ 5lU<^- t ^ne can tliereforc say that the disposition of oxygen atoms 
about CtT ' ion in the paiainagnetic unit is almost the same and their symmetry 
axes eiijcjy the same degiee of symmetry as that of CuSi >• 

Due direct consecjuence of such magnetic behaviour is that all the three 
copj)er halides should follow simple Curie Law more closely than CuvS(J4.5H20 
and the Tulton vSalts. 

CidCTlnCnt ilo.ILA )--’! inly the space group and the number of molecules 
ill the unit cell is available from X~ray data for this crystal, so it is not possible 
to evaluate the relative orientations of Die paramagnetic units and Uience to 
calculate a, I and /h. ]{ven then the mean moment of the unit is much lower 
than the siiiiuonly value. 'I'liis is also very much smaller than tliose of the 

other cu[)ri(’ salts. Cupric bromide (CuHiUj) has almost the same susceptibility 

# 

as this salt. 

This low value of the elTectivc magnetic niomeut of this crystal can he clue 
to (/) concentrations of the magnetic particles being very large, exchange 
inuractions lniweeii the iieigliboui ing muinents may be appreciable, destroying 
inagneusm, w/) ^pl^Uing of the ground stale assymmetric electric field due to its 
neighbours miglil lake i)lacc in sucli a maiinci that there might be a uon- 
magnelic level somewhere at about juo cm''*, so that as we come dowui to room 
temperature Uie number of elections 111 this level increases and so the moment 
decreases. 

d'he first point can be decided by diminishing the concentrations of 
ions in this salt, i.c,, by diluting it with some isonioriihous diamagnetic salt and 
studying the magnetic moment, n should reach the value of other cupric salts 
when it is sulTicienth' diluted. 

I'Or the sei'ond point measurements on temi)crature variation of the magnetic 
moment, si)ecially at high temiierature, is required. Magnetic moment should 
increase with the increase of tcinj'eralure and should reach the spin-only value 
at a temperature at which the non-magnctic level is completely depopulated of 
electrons. 

Whatever may be the cause of this low magnetic moment one point stands 
out clearly that since the magnetic iiionient does not agree with the value 
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calculated theoretically for the Cu ^ " ion there should be a complicated tempera* 
ture variation, i.c., the crystal should not follow simple Curie Law like the other 
cupric salts. This salt has a moment almost equal to cupric bromide, so its 
temperature variation may be expected to be similar. should decrease rapidly 
with the fall of temperature as is found iii case of cupric bromide (Stoner, 
Magnetism and Matter, page 482). 

The work was carried out at the laboratories of the Indian Association for 
the Cultivation of Science and the author wishes to express his thanks to its 
Committee of Management for affording all facilities. The author also expresses 
his thanks to Prof. K. Baiierjee, D.Sc., F.N.I., for his keen interest in the work 
and valuable advice. Thanks are also due to Mr. R K. Sen, M Sc., for his 
valuable discussions. 
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ON THE PRODUCTION OF MESOTRONS BY NEUTRAL 

PARTICLES 

By P. S. gill* and MELA RAM 

ABSTRACT. Scheitv, Jess and Wollan type of exporhncDt to study Ibe production of 
mesotrons by non-ionizing radiation was tried at a height of 16,800 ft at Bara bacha (23 .5"Nl 
in Briti.sh Lahaul. The production of nie.sotrons by non-ionizing cosmic rays does'not become 
noticeable at these heights in intermediate latitudes as it docs around the latitude of Chicago. 
The Mesotron producing layer in the atmosphere is at greater height, in^the equatorial 
regions. 

It is now well known that the penetrating component of cosmic rays at sea 
level consists mainly of mesotrons and that these particles are secondaries produced 
by the soft component of cosmic radiation in upper layers of atmosphere. The 
mode of production of mesotrons has lyeen a subject of interest for the past few 
years. It was thought that the progencters of mesotrons were the non-ionizing 
soft cosmic rays. Rossi (1933) and Hsiung (1934) tried experiments at sea level 
and Shonka (1939) at an altitude of 74,200 feel. These experimenters got no 
definite evidence of their production, which would mean that between sea level 
and 14,200 ft. no detectable part of the mesotrons is being produced as secon- 
daries from neutral cosmic radiation. This led Schein and Wilson (1939) to 
try Rossi-Hsiung type of experiment at still higher altitudes by taking their 
apparatus in an aeroplane up to 25,000 ft. Further heights were reached by 
Schein, Jesse and Wollaii (1940) by means of baloon flights. The experiment 
of Schein and his collaborators showed that at higher altitudes the non-ionizing 
cosmic radiation produced mesotrons in a 2-cn lead block and that the production 
of mesotrons begins to be noticeable near about an altitude where the pressure 
is 40 cm of Hg. 

All these experiments were tried at magnetic latitudes greater than 38“ where 
the latitude knee occurs in the Intensity vx Latitude curve at sea level. One of 
us (1939) has shown that the temperature co-efficient of the intensity of cosmic 
rays is a function of latitude, the equatorial regions having a smaller temperature 
co-efficient. Blackett {1938) predicted this on the hypothesis that the mesotrons 
which constitute the penetrating cosmic rays are produced in the upper atmos- 
phere by less penetrating radiation and that they show spontaneous disintegration. 
When the atmosphere expands at the higher temperature, the_ elevation at which 
the mesotron is produced is greater and there is a higher probability of 'spon- 
taneous disintegration resulting in a lower intensity at sea level. At a latitude 
of about 38®, the altitude at which the mesotrons are created is a maximum of 
about 25 kilometers. At lower latitudes, f.c., the latitude of Lahore (22'' N) the 

• * Fellow of the Indian Physical Society. 
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iiiaxiiniun altitude of the layer of atmosphere where the mesotrons are created 
should 1)6 much higher. If at latitudes higher than 38" the production of meso- 
trons by neutral particles becomes noticeable at 16,000 ft. above sea level, theii 
production will not be detectable at the same elevations around intermediate 
latitudes. With this in view an experiment similar to that of Schejn, Jesse and 
Wollaii was planned and tried at a height of 16,800 ft. by the side of a hill above 
llara Lacha pass, in British I,ahaul (22.5" N). 

b'our tl-M counter tubes were placed in a verticle line as shown in fig. i. 
Counters j, 2 and 3, constitute one coincidence set, 
while counters 2, 3 and 4 make the other coincidence set. 
Any cosmic ray particle passing through either set must 
penetrate at least 8 cm. of lead, therefore the coincidences 
in both the sets are caused „by penetrating pai ticks. The 
lower set should ordinarily give slightly less counts, about 
one per cent less than the U[»per set due to the absorp- 
tion of the incident mesotron in the last 2-cm block of 
lead. If mesotrons are produced in the first 2-cm lead 
block by non-ioni/.ing radiation, the lower set of counters 
should count more coincidences than the upper one. 
To reduce the effect of softer horizontal ah shower particles, 
a shield of 2 cm of lead is placed on the sides of 
counter 3. 

Counters used arc of self-quenching type. Jiach has a length of 6 inches 
and a diameter of i inch. All the Cl-M tubes had nearly the same plateau. At 
Zing Zing Bar (13,800 ft.) both the coincidence sets were tested for their effi- 
ciency. It was found that their efficiencies were practically the same. In one 
hour the upper set gave 176 counts and the lower set gave 177 counts. 
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RESULTS 
Tabi.® I 


Place 

Total Time 

A 

No. of couuts in 
the upper set 

i 

B 1 

No. of counts in 
the lower set 

j 

A/B 

Zing Zing Bar 
(13,800 ft.). 

3 hours 

282+17 

253 ±16 

1.12 ±'02 

Bara Lacha 
(16,800 ft.). 

5 hours 

547 ±23 

« 

494 ±21 

1 

i.ir±'02 


The results at two different elevations are presented in Table I. The ratio of 
the number of counts in the upper set to the number of counts in the lower set 
at both the places show that in these latitudes the production of mesotrons ’from 
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neutral cosmic radiation does not become noticeable at the same altitudes at 
which it appears to take place at the latitude of Chicago. It would mean that 
the creation of mesotrons by non-ionizing cosmic radiation in these latitudes 
should become noticeable at still higher elevationsi as would be inferred from 
temperature co-efficient of the intensity of cosmic rays. The fact that the 
production of mesotrons by neutral particles at 22° magnetic North docs not take 
place at the same elevation at which it docs at 52® magnetic North, would indicate 
that in the production of mesotrons there is a latitude effect in the sense that at 
lower latitudes the mesotron producing layer is at greater heights. 
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Curve A— VvrtiVal mesotron intensity at 5.3" N (lUicta, Aiya, Hoteko and vSaxcim) 
Curve I? — Vertical mesotron intensity at 22. s'" N (Oill and Melarain) 

Curve C— Vertical mesotron intensity ot 52 s"' N (Sclicin, Jene and Wollan) 

The data piesculed in this paper can be compared with that of vSehein, Jesse 
and Wollaii (1940) as well as with that recently published by llhabha and his 
collaborators (1945). In lig. 2, curve B represents our results giving the intensity 
of mesotrons j^enetraliug 8 cm. of lead at 22‘' N; curve A gives the data of 
Bhabha and his co-workers at 3.3'' N and curve C shows the results of vSehein, 
Jesse and Wollan at 52.5® N. Our results confirm the conclusion drawn by 
Bhabha and his co-w'orkers that the latitude effect of the penetrating component 
of cosmic radiation sliow^s a very small increase up to an elevation of 16,800 ft. 
The accuracy of our data is better than that of others due to tlie longer time of 
observation at each elevation. 

This work has been made possible by a grant from the University of the 
Panjab for which w^e are thankful to the University aulhorilies. National Carbon 
Company (India), Limited, helped us by making a special set of high tension 
batteries which gave us very good service, t lur thanks are due to our colleagues, 
B.vS. Puri and S. P. Malhotra who accompanied us to the hills and helped us. We 
express our thanks to S. U. Chattel ji for filling the Oeigci -Muller tubes used iu 
this experiment. 
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A NEW PULSE GENERATOR CIRCUIT 

By B. M. BANERJEE* 

(Plate IV) 

ABSTRACT. A new pulse generator circuit i.s »le.scriljt'd. It delivers a .syuchrouisiug 
pulse, a short time before the main pulse, at a separate terminal for synehroiiization of the 
time-base of the oscillograph, with which it is intended to be used. The pulses are approxi- 
mately triangular in shape. The eiliciency of synehronization attained in this work is believed 
not to have been reached before. 

The pulse repetition frequency, the time separation between the synchronizing pulse and 
the main pulse, the main pulse duration and amplitude arc all easily adjustable over a wide 
range. The circuit can also be used as a two pulse oscillator with slight niodiOcations. 

The potentialities and convenience of such a circuit as a tool for development of O.M 
tube cii'cuits, as a primary pulse source for ionospheric radio-sounding apparatus, as u pulse 
generator for atimulatit)g muscles and nerves lot physiological experhuent.s is also discussed. 

1 N T R () D t; C T I (I N 

'I he ])ulses given by a Geiger Mnller tube usually pass through certain 
circuits (amplifying, scaling aud recording) before their presence are indicated and 
their number recorded. As the pulses come at irregular intervals, aud arc of very 
short duration, they cannot he well visualised or photographed from a cathoderay 
oscillograph record because the intensity olilaiuahle from a single trace is very 
small (Stever, 1942, Dasgupta, 1942). The performance testing of Geiger Muller 
tube circuits become difficult aud one has to rely solely on very indirect methods 
for estimating the performance. Fault finding becomes still more difficult and 
circuit development that may he suggested from a visual inspection on the 
oscillograph screen, of tlic pulse and its elTecls, as it goes through different stages 
and operates on the various circuit elements— -is now out of the question. A 
pulse generator (Manning aud Young, 1942) capable of producing short duration 
pulses in a regular sequence, so that successive traces on the oscillograph screen 
may be superimposed by proper synchroui/.ation with the time-base, is therefore 
supremely important as a tool for circuit testing and development. Such a pulse 
generator has many other uses, in various other branches of science, besides the 
one outlined above. 

While developing such a pulse generator— -an electron tube circuit— it 
was observed that for obtaining good photographs of the very slmrp pulses that 
the circuit was delivering, long exposures will be required on the usual types 
of oscillograph. For prolonged exposures it is necessaiy that the pattern does 
not move about the screen I)ecause of imperfect synchronization with the time- 
base of the oscillograph. A forced synchronization of the oscillograph time-base 
with the pulse generator is therefore clearly necessary. A synchronizing pulse 

* Fellow of the Indian Physical Society. 
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must therefore be fed to the syjichronizin^ teniiiual of the oscillograph time- 
base* To trip the time-base effectively, it must have the proper polarity. 
Further, in order that the pulse pattern may come on a convenient position, the 
synchronizing pulse should also be properly timed with respect to the main pulse. 

The usual method of generation of the saw-tooth wave required for an 
oscillograph time-base, consists in charging a condenser at a constant rate (by a 
constant current device like a pentode) and of periodically discharging it very 
rapidly by means of a trigger circuit, thyratron, etc. Forced synchronization 
of these time-bases is achieved by initiating the condenser discharge at the 
proper moment by the synchronizing pulse. If the main pulse (the pulse that 
is to be observed) is used for synchronization, and if synchronization is actually 
achieved, the one which is synchronizing cannot be examined properly, because 
it occurs when the time-base condenser is discharging, during the flyback — the 
high speed return strokc~of the oscillograph light spot. Pulse patterns will 
appear on the forward stroke if the time-l)ase opeiates at a frequency that is a 
siibmultiple of the pulse frequency. If the ratio of pulse frequency to time-base 
frequency be n, then there will be (h-i) pulses visible on the screen, the nth 
Iripijing the time-base and falling on the return stroke. 

However the locking of lljc lime-base in tliis tyi>e of operation is not and 
caniiul be sufficiently positive because the synchronizing voltage must be kept 
smaller than a certain limiting value, as otherwise instead of the nih pulse 
trijipiug the time-base every limv, the {^i“i)th one will be sometimes tripping it, 
depending ui)ou the relative wavering* of the time-base and pulse generatpr 
frequencies. If the synchronizing voltage is increased still more, the lime-base 
will be tripped generally by the (n-j)i\i pulse and both the nth and (n-2)th will 
be tripping it sometimes. As regards steadiness of pattern nothing is achieved 
by increasing the synchronizing voltage beyond this limiting value. With this 
type of operation, maximum steadiness is usually attained by making the time- 
base frequency just lower than half the pulse repetition frequency, in which 
condition maximum synchroiiisiug voltage can be used. We then get only one 
pulse pattern on the screen, about half-way in the forward stroke, livery 
second pulse is super imposed ui>on the one before and we thus get only half the 
brightness that is available if every one is superimposed upon the other. The 
phenomenon tliat the pulse may vStart, in an electrical, mechanical or physiological 
system, can be studied only in the later half of the forward stroke, and tlius half 
of the screen space or observation i)erio(l remain unexj doited, 

'J'his difficulty can be avoided if a separated synchronizing ]>ulse be fed to 
the oscillograph time-base just l>efore the main pulse. ^ Two pulses separated 

* /riie unslcadiiuss ol the tiuie ba.s<?aud the pulse generator is due to main voltage 
fluctuations, spontaneous fluctuations in the values of certain circuit components — c.g., a 
lesislance, a tube characleiistic, etc They are always present, an otherwise forced syuchroiii- 
satiuu would have been unnecessary, ' . , 

i IMarshall and Talbot (1940) describe® a circuit in wliich n separate pulse is generated 
from a primary pulse, after a desired time interval. 
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by a tinie-intei-val may be generated from a single pulse if that puLse be Orst 
taken direct and then through a delay network. The difficulties of design, and 
the complication of construction, of a suitable delay network, that; will not itself 
deform the pulse shape and that will readily introduce the different order of 
time-delays that may be necessary, will be easily understood by one who had the 
occasion for doing it. 

The circuit devised by the author produces t\\ o pulses separated by a time- 
interval. These pulses are quite separate from each other and are obtained from 
different tenninals. Their characteristics-amplitudc. duration and shape- 
may be independently controlled. The time-separation between the two pulses 
may also be adjusted over a wide range. The same applies to the repetition 
frequency. 

Positive synchronization of a very high order has Ikcii achieved— to the 
extent that the time-base controls may be varied at will to produce a wide range 
of spot velocities, without in any way affecting the synchronism. Such a power- 
ful synchronization can be achieved only il the synchioniziug pulse is separate 
single iind sharp. ’ 

The production of separate and sharii synchronizing pulses allows one to 
use a single-stroke time-base in place of the continuously running ones. With 
a siii.v»le-stroke tiiiie-bas-e the synchrojiizing problem docs not arise at all. 

1 he comjilete diagram of tlic n’lcnit is ^ivtn in I'ig. i. ']‘]ie circuit con- 



Fig. 1 
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sists of three parts : an unsymmetrical multivibrator, two pulse generating 
networks and two pulse amplifiers biased l>eyond cut off. 

U n S 1 S T A N C E S 

Ri“i Meg ; Meg ; Ra = l Meg volume control ; R4"Rifi 

= 10,000 Ohms; R.o=too,ooo Ohms volume control; R6’ = '4 Meg; R7 = Ri2 
= 500 Ohms ; Rb = R}:, = 2500 Ohms ; Ry^^ioo Ohms ; Rii = 50,ooo Ohms ; Rj^ 
’—50,000 volume control ; Rio = R27 = tooo Ohms ; Ris = ioo,ooo Ohms. 

R'®“ Variable in steps from 10 Meg ; i Meg ; 100,000 CJhins ; 20,000 Ohms 
R"=2 Meg volume control. 

c A r A c 1 T I !•: s 



Ci = i /^f to 20 /A/itf. variable in steps 

^2 ft It i» *j 

C' ; C" see text 

Cn = Ca = Cn = C7 = o'l fii non-induc- 
tive paper condenser. 

Co = Cio = '01 /xf, 600 Volt non-inductive 
I)aper condenser. 

Cj = Cb = 10 /Af, 450 Volt electrolytic 

condenser. 

IvOcking 'rransfonnci — step. down* ratios 1:1; 
1:2; 1:5; T : 4, secondary inductance — J Henry. 

High tension voltage may have a value lyijig 
between 100 to 250 volts for satisfactory oi)eration. 

Orid bias voltage should lie between 40-70 volts. 
About half this amount is sufficient if R,8 is short, 
circuited. , 

Tlie wave forms of the anode voltages of the two 
tube.s in the multivibrator (Puckle) is of the well- 
known shape shown in the Fig. 2. 

The pulses that are generated by the pulse gene- 
rator uit-work CR and applied to the amplifier 
tubes Ts and T4, are also shown. The mode of 


operation of the pulse generator net-work is simple. Suppose that the potential 
applied to the input terminals suddenly change by an amount AE. j\ current i 
begins to flow through the resistance, coiiti oiled by the equation, 



Fig. 3 
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PLATE IV 


OSCILLOGRAPH RECORDS 

All IMToto^rraphs taken from Cossur double beam osnllof;riiph Model o.V’^A. 
Ten seconds exposure on all photographs. 



1 The pulse pan as photographed trom the 
iliapli screen. Repetition frequency-- U),000 
sYnehronL"ed self ninniiiL' tune-base. 



k Anode voltage vvavetonn of a hard valve 
tube pul^e recording circuit. Repetition fre- 
v-=10c.p.s ; sell running time-base. 



Fig. 2. Anode voltage wave forms oi the 
two tubc.s in the Multivibrator ol the pulse 
generator. Repetition tiequencv' 1,000 c.p s. ; 
synchroniL’ed, self running tiine-hase. 



Fig. 4. A two microsecond pulse rcpc.ited 
7U,U00 times per second. Single stndie tune- 
base, The time interval from the beginning ol 
the sweep to the start of the pulse coircsponds 
to 6 microseconds, 
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AE=.i^, + ;r 
The solution of this equation is 

-J Mr - 1 
i^i,e Cl< 


whence, output voltage 

t 

It is thus seen that for every sharp change in voltage across the input 
lenninals, the pulse generator network produces across its output terminals, a 
voltage which dies off exponentially and which has a peak magnitude equal to 
the sudden voltage change. The rate of fall is determined by the time constant 
CR and may be made as rapid as desired by reducing C and R. 

The pulse amplifiers are high 4 triodes biased beyond the cut off. Only 
the tips of the positive pulses get through these amplifiers. As a result they 
are approximately triangular in shape. Their amplitude, and to some extent 
the shape, is controlled by varying the bias on the amplifiers. The duration is 
controlled by varying C and R. 

"i'he output pulse from T., forms the synchronizing i)ulse while that from 
the main pulse. 

The repetition frequency of the multivibrator, and so that of the output 
pulses, is controlled continuously by varying the grid supply voltage. This is 
taken from tlie ioo,ooo 11 volume control potentiometer connected in the reverse 
way. The taper in this volume control therefore acts in the reverse 
direction. Such a method of connection is convenient in the sense that, the 
frequency changes far more gradually than when it is connected in the noimal 
way. As a result, the adinstment for obtaining a steady jiicture on the oscil- 
lograph screen has become much more easy. This control provides a frequency 
range ratio of about throe. I 

The repetition frequency is changed in steps by changing the condenser Ci*. 

The relative pulse separation over any range is fixed, i.c., the ratio of the 
time interval between the synchronizing pulse and the main i)ulse, to the pulse 
period, is the same and do not vary with the setting of the repetition frequency 
control potentiometer. If desired the lelative pulse separation may be changed 
by altering C2 and R.. The ratio approximates 10 C\/C, + 

The amplitude (and also shape) of the main pulse is controlled by the 
50,000 O bias control potentiometer. It adjusts the negative bias on the main 
pulse amplifier T4, so as to pass a greater or smaller part of the positive 
tip of the pulse, that is applied to its grid by the pulse generating network. 
No such continuous control has been provided for the synchronizing pulse in the 
circuit described. But if desired such a control can easily be fitted. 


*To some extent also C2. 

tif desired, the frequency range ratio may be iucreased by using^a resistor of lower value 
for 

2 — 1576P — 3 
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'J'he sliai f)ness of the main i)ul.se is controlled by a 2 megohm vol. control 
potentiometer connected as a variable resistance. It adjusts the time constant 
C" K" u{ the main pulse ^;ciicratin^< network continuously. No corresponding 
control has l)een fitted for the synchroiiisinj^ pulse, but R' can be changed easily 
f desired, in steps. C' and are trimmer condensers and their capacities may 
be changed over the range of 5-;-;ou//y at will. They are kept adjusted to about 
the maximum capacity. 

The catliode resistors are for improving the frequency stability and 
increasing the output voltage. 7A4 triodes arc used in the multivibrator and 
()N7 in tile amplifiers because they proved more than adequate for the 
author's rctpiirements. Anyhody trying to produce pulses of extraordinarily 
sliort duration will find 6A(i7 television amplifier pentodes better suited than the 
7A1 and hKy tubes. The 500U degeneration resistances may be omitted while 
anode coupling resistances should be reduced to loooSl or less. 

A tenniual is brought out for injecting a locking voltage for stabilization of 
the repel ilion frequency. Locking with a constant frequency source of known 
value is desirable for accurate measurements in connection with scaling circuits. 
A transformer for introducing the locking voltage in series with the H, T. is 
also pi ovided and is also used for the same ])ur])ose. 


I' K R V 0 R M A N C R 


I'he jierformaiice figures are given below. They are by no means ultimate,* 
and may Ik- extended in both directions by suitable choice of circuit com- 
ponents, 

PuIsL repetition frequency! 

Pulse Sc [Kira I ion 
Pulse duration (Main pulse) 

(vSyn. pulse) 


Two to 200,000 cycles /second 
T / second to 2/A second 
100 fK second to 1 /a second 
500 /A second to t/a second! 


I'he generator produces m'^dlivc /ud.sc.v of 12 volts peak amplitude. This 


amplitude is sufficient for triggering tlie single-stroke time base of the Cossor 
double beam oscillograph (Model throughout the whole frequency range. 


V S K S 

'Jliis puhsc generator, in conjunction with an oscillograph and an attenuator, 
may be used for testing, fault-liiiding and development of pukse amplifying 
circuits. Linear amplifiers, scaling circuits, recording circuits, etc, may be 
directly tested and tlieir general performance and .shortcomings immediately 

gauged from the picture that will be obtained continuously on the oscillograph 

• 

* I lie practical liniit.s coincide uilli the limits of effective resistance coupled aniplification. 
4 If dcvsiretl the amplitude eouM be increased to 6c) volts peak by using 5000 ohm resis- 
tances for RjCj and Rjy in plava- of the jooo ohm resi.staiices. 

» A generator designed particularlv for low repetition frequencies sliould preferably 
omit R7 and use 50,000 re.sislors for Rg and Rj3, besides using 3 Meg resi.stors for Rj and 
Ry. C' and C" must also be increased in value. 
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screen. Such a system of testing' will show the effect of nianiinilatioii of the 
different controls in the circuit, indicate the presence of A, 0 . ripple, noise pick- 
up, niicrophony, show the net result of frequency, phase and harmonic distor- 
tions in modifying the pulse shape, and measure amplification directly on the 
pulses themselves. Although the response of certain circuits, like linear ampli- 
fiers, to pulses of arbitrary shape, may be guessed from an elaborate measurement 
of the frequency, phase and harmonic distortions, certain otliei circuits, contain- 
ing tubes biased beyond cut off, or tubes in which the current or voltage outptit 
abruptly begins or saturates, do not lend themselves to even such types of ela- 
borate measurements. But these types of circuits are frequently used in connec- 
tion with pulses. The pulse gcnerator-attemiator-oscillograph method is the 
only really satisfactory method of testing the ])erformancc of such types of 
circuits. 

As a source of primary pulses for ionospheric or other types of radio sound- 
ing apparatus. (Colwell, 1936, riddington, jy39, Millington and Falloon, 1035), 
this circuit may represent a revolutionary improvement over the older techniques- 
Previous workers used mainly sonic types of thyratron pulse generators. For 
synchroni/ation of the pulse with the base, they used to synchroni/.e both with 
the A- C. ])OWcr supply frequency. The consequences of operating the pulse 
generator at the fixed unvariable iiower frequency were a great handicap in low 
height measurements. (Colwell, 1936, Watson, Watt, etc. 1937 ). The whole 
sweep on the o.scillograph screen represented quite a long interval of time, 
some 16 to 20 milliseconds. As a result the dispersion obtainable was very small, 
not better than oT millisecond, which corresponds to a height of 15 kins. 
Complicated circuits producing a high velocity sweet) at desired part, were 
used by Colwell (rg30j, Haworth (1941) for obtaining better dispersion. Better 
resolution also demands the production of a short duiation ]>ul.se, the limit so far 
reached being 4 M secs. (Colwell, 1937)- A serious and unavoidable defect even 
with this type of complicated apparatus comes in because of the low repetition 
frequency, which leads to the reduction of the brilliancy of the trace when the 
sweep velocity is increased to improve dispersion. T,he repetition frequency can 
not be made much greater than the commonly used 50 or 60 c.p.s. as multiple 
reflections representing long time delays may then come over at the beginning 
of the .second trace producing a confusion with the short delay reflections. 

L,ong delay echoes may be distinguished if the repetition freiiueucy is conti- 
nuously adjustable, as then a ten per cent shift in the repetition iiequcucy will 
produce a 10% shift in the position of all the reflected pulses, hong delay 
“echoes ” will thus shift much more than the short delay ones (over the oscil- 
lograph screen), and they may thus be distinguished- Synchronization with the 
power frequency do rrot allow for such a side experiment. 

The pulse generator described in this paper, with its continuously ad ju table 
repetition frequency, its shorter pulse duration, its sharp synchronizing pul.-e 
holding the oscillograph time base in synchronism even for consrderable variations 
in the repetition frequency, is a simple solution of all the radio .sounding pro- 
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l>leins associated with ionospheric apparatus- It is therefore expected that it will 
find wide use in this field- 

As a source of pulses for stimulating muscles and nerves for physiological 
experiments, the circuit probably presents certain advantages. 

The circuit may be easily converted into a two pulse oscillator of far greater 
poteutialitics than that described by Getting (1937). The only modification is 
the interconnection of the two output terminals- Getting’s circuit uses thyratron 
relaxation oscillators, timed and synchronized to the same frequency, but slightly 
out of step with each other. At eacli flash of the thyratron a pulse is generated. 
The two thyratron oscillators that are slightly out of step with each other, produce 
two pulses sei)arated by a small time-interval. The performance figures claimed 
for the circuit arc, contrasted with my figures 


Repetition frequency 
I’ulsc separation 
Pulse duration 


Getting’s A^uthor’s 

cirruit. circuit. 


= 6,000 
= 20 

= 5 


2,00,000 c.p.s. max, 
2 sec. mill. 

1 n sec. min. 


The author’s performance figures are thus found to gieatly exceed that of 
(ietliug’s. Besides, it will be easily appreciated that the autlior s circuit permits 
of quicker and easier adjustments when pulses of different repetition frequency, 
separation and duration arc requiicd. 
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ELECTRICAL PROPERTIES OF INDIAN MICA: 11. THE 
EFFECT OF VARYING RELATIVE HUMIDITV' 

By P. C. MAHANTI,* M. K. MUKHERJEE and P. B. ROY, 

ABSTRACT. Iii conliniiatioii of the prcvinn.s work, the effect of varyinj* relative humidity 
on the permittivity, power factor and power los.s of three typical qualities of ItengnI ruby 
and Madras green mica has been .studied The results are in eoufonuily with those obtained 
by previous workers in the line 


INTRODUCTION 

In a previous communication (Datta, .Sen Gupta and Malianti, 1942) the 
results of jjovver factor measiuemcnts on different kinds of mica available in 
different parts of India were repotted. In the present paper a comparative 
study of the effect of varying relative humidity on permittivity, power factor and 
dielectric loss factor of three typical (jualities of Bengal rnby and Madras green 
micas has been made. 

The same technique as has been described previously was employed in 
preparing the test condenser, which was kept under suilabic prcssuie for about 
Iw'enty-four Itours before being put to use for capacitance and power factor 
measurements at a desired value of humidity. The measurements have been 
done by the method of substitution, using the same standard air condenser and 
the same Schcring bridge. It is however of interest to describe the method 
which has been used in the present investigation to control the relative humidity 
(hereafter stated very often as humidity) of the experimental chamber in which 
the test condenser was housed. 

METHOD OF CONTROLLING H U MIDI T Y 

Various methods have been used in the past by different investigators to 
control the humidity of an enclosed space. It is found that a saturated aqueous 
solution in contact with a definite solid phase, such as CaCl-.., 2II2U; CoCl*, 
6H2O ; CaSO^. SHjjO, etc. maintains constant humidity at a definite temperature 
within an enclosed space surrounding it. Hence by selecting a proper salt, it 
is possible to secure almost any desired value of humidity at a given temperature. 
It is evident that this method is convenient when any definite value of humidity 
is desired within an enclosed .space for a particular purpose. But when it is 
required to vary the humidity over a wide range of values at a given temperature 
and maintain it constant at each such value, this method becomes tedious in 
as much as one has to use different salts for obtaining different values of 


* Fellow of the Indian 1'liy.sical Socidy. 
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case. It was noticed further that it took about n hours to attain a steady value 
of humidity within the cbambci . 


h X 1‘ R R I :\r K N T A h 

It has been noted already that capacitance and power factor nicasuieinents 
in the present investigation were carried out by the method of substitution, usinj^ 
a standard air condenser and a Schcring bridge operating at ::2o volts a*c. at 
one kilocycles per second as described in tlie ])ie\'ious coinniunication i(oc. ciL). 
'I'he test condenser was connected to the bridge by means of tw-o short lengths 
of V.I.R. copper wire which passed through the velvet cork at the mouth of 
the chamber and were kept fixed in position throughout subsequent measme- 
incnts. Before making our final measurements on the test condensers, it was 
thought of importance, firstly, to determine wdth definiteness the capacitance 
of the leads as w'ell as the power factor of their insulation including that of the 
velvet coik and their variation, if any, wuth humidity, and secondly, to ascertain 
whether the time of conditioning a test condenser at any desired value of 
humidity has any effect on its capacitance and power factor valuCvS. In the 
latter case it was found that conditioning the test condenser for about two hours 
at any value of humidity not exceeding cSo% was sufficient to arrive at a steady 
value of its capacitance or of its power factor. But above 8o% humidity, the 
time of conditioning increased considerably. Hence in making measurements 
on the different test condensei'.s, bridge readings at a desired value of humidity 
w^erc taken at an interval of tw o hours until they w'ere steady wuthin the limits 
of experimental error. All nieasureineiils were done at a constant temperature 
of With each test condenser observations were made firstly, W'ilh 

increasing humidity to a maximum value of 95%, and then with decreasing 
values, At each value the two sets of bridge readings w^ere found to agree 
within allowable limits and their mean w^as taken to compute as follows the 
capacity and power factor of the test condenser, after making due allowance for 
the effects of leads, etc. 

It is easily seen that when the bridge is balanced, firstly, with the bridge 


standard condenser alone in 

the third arm and 

then w'ith the lest condenser 

connected across it, we have 



firstly, 

C _ R. 

C. R, 

... (ij 

and 


... (2) 

and secondly. 

C _ R* 

C',+Ct Ri 

- (3) 

and 

1 

11 

1 

... (4) 


where C and 0 = capacity and power factor of the standard air condenser in 
the fourth arm of the bridge respectively; 
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C, and C', = capacity of the bridge standard condenser in the third arm 
before and after substitution of the test condenser respect- 
ively ; 

Ct = capacity of the test condenser ; 

•h = power factor of the bridge standard condenser ; 
i/' r =eflcctive diluted power factor of the lest condenser ; 

R;., R, = ratio of resistances in ratio arms of the bridge ; ■ 
and (/’'a '/o = difference of ])o\ver factor of the balancing arms of the 
bridge (oc., power factor dial reading) Ijefore and after 
substitution, respectively. 


Tn actual iiractice, R-i/Kj was kept fixed at unity and the standard air 
condenser at a suitable value under the two conditions of balance. Hence C 
and >t> were maintained also constant. From et]uations (i) and (3), we have 

... (5) 

and from equations (2) and (4) 

~ = ... (6j 


Assuming however that is negligible in comparison to <j>' r. we get 

<j>'r = ■■■ (7) 

It is evident from equations (5) and (7) that the capacity and the effective 
diluted power factor of the test condenser can be obtained directly from the 
capacity and power factor dial readings of the Lridge before and after substitution. 
'I'lie true [lowcr factor of the test condenser is then obtained from the relation » 


0,, = 

V- T 

while the ijennittivily, of the test sample is computed from the relation, 

C 


( 8 ) 


(q) 


where Ci is the capacity of the lest condenser in micro-micro-farads, / is the 
lhickue.ss of the sample in cm. and S is the area of the electrodes in contact with 
the sample in sq. cms. 

Knowing the values of permittivity (e) and power factor (^t ) of a parti- 
cular sample at a constant temperature and at a given value of humidity, the 
dielectric loss factor (e") can be ulctermiiied from the the well known relation 
given by 

f* = etan8 

where S is the loss angle. Single 8 = 77/2, we have tan 8 = cos </>, when 8 is 
small and (p is the j)hase angle. Hence we may write also 

cos f 

= e 0 T ... fio) 

In other w'ords, the dielectric loss factor of a sample is given by the product of 
its permittivity and power factor. 

Tables I and 11 contain the data of permittivity, power factor and. power 
loss measured at varying relative humidity for Bengal ruby and Madras green 
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mica respectively. In each table column i gives the quality and column 2 the 
designation adopted by the Geological Survey of India of each mica sample. 
In Figs. 3 to 7 » the variations of permittivity or dielectric constant, power 
factor and power loss of the different qualities of mica with varying relative 
humidity are shown graphically. 


Table I 

Bengal Buby Mica 


Quality 

Designa- 

tion 

A colour. 

Relative 

Hnmidity 

(%). 

Thick- 

ness 

(cm,) 

Contract 
area of 
electrodes 
(sq. cm.) 

! 

’ Capacity 

! (mmIO . 

1 

1 

Permitti- 

vity. 

Power 

factor 

Power 

lo.ss 

nr 

B.C. 7- 

:?0 

O'Ol 

2’28t) 

131'S 

6'53 

o'oji 6 

j <'’•0758 


Ruby red 



i 







41 

o‘oi 

2'28t» 

131*8 

6 ’53 

o‘ 0 Ji 6 

! 0*0759 



60 

U'Ol 

2*280 

1319 1 

6' 54 

00123 

1 0*0802 



fit) 

O'Ol 

2 '280 

132’2 ! 

6‘55 

0*0148 

! 0*0970 



95 

o'oi 

2'2So 

1337 

663 

0*0318 

1 T»* 2 II 0 

Stained 

1 ).— Red 

20 

1 O'OI 2 

2*204 

ii 4'8 

1 707 

0*0134 

0*0944 



41 

0 'UI 2 

2*204 

114*8 

1 7 ‘o 7 

'->■1344 

0*0944 



60 

0'()I2 

2 204 

115*0 

7 ’oS 

0*0141 

0*0996 



80 

0*012 

2*204 

Ji 5’3 

7 ‘o 9 

0*0192 

0*1362 



95 

0012 

2‘2t)4 

J170 

7*20 

0*0415 

0*2982 

Stained 

A. -Red 

20 

f 

O'Ol 2 

2*0 JO 

95 '5 

6*52 

(>’0256 

01671 

A slight- j 



o'(>l2 

2*010 

965 

6*52 

0*0256 

01671 

ly spotted! 


60 

0*012 

2*010 

97 'c 

6*56 

0*0273 

0*1784 

1 


80 ! 

0*012 

2'OJO 

97’'1 

6*59 

o ‘0357 

o '2354 



« i 

D'oia 

2 OIO 

98*6 

6*67 

0*0625 

o'4 166 


Table IT 

Madras Green Mica 


Qua lit V 

T )csigna- 
lion 

A colour. 

Relative 
Humidity 
(%) ■ 

Thick - 
lies.*? 
(cm.) 

Contact 
area of 
electrodes 
(sq. cm.) 

i 

; C«^pacity. 
i iPP 1''') 

Permitti- 

vity. 

Pow'cr 

factor. 

% 

1 

j l*ower 
j lo.ss . 

1 

Clear 

M.C.— 

20 

0*01 

2 520 

141 '5 

6., 

C/0192 

0*1221 


green 

41 

0*01 

2*520 

141*6 

6*35 

0*01 98 

0*1256 



60 

O’Ol 

2 *520 

J42 4 

6-39 

0*0209 

0*1335 



80 

0*01 

2*520 

T 43'2 

6*42 

0*0232 

O' 1488 



95 

o'oi 

2*520 

144-0 

6*46 

0*0362 

0*2337 

Stained 

C— Green 

20 

0013 

i' 37 « 

64’1 

6’8o i 

0*0199 

o'i 355 



41 

0*013 

1370 1 

64-4 

6*80 

o‘oi 99 

0*1355 



60 

! 0*013 

r 370 i 

64-4 

6*80 , 

0*0212 

0*1477 



80 ! 

I 0*013 


65-0 

6*86 

0*0236 

0*1623 



95 

1 0 013 

1*370 

65-0 

692 ! 

0*0365 

0*2526 

Stained 

A— Green 

20 

0 018 

2*323 

80-5 

i 

7 '05 1 

0*0298 

0*2098 

A 


41 

i o’oi8 • 

a'323 

80-5 

7*05 1 

00298 

0*2098 

spotted. 


60 

o’oi8 

2*323 

Bo's . 

7 *Q 5 -1 

0*0308 

0*2167 


i 

- . 80 ‘ 

^ O'OlS 

2 '323 

80-9 “ 1 

< 7*08 1 

0*0327 

0*2318 


• 

95 

o*o 88 

2*323 

81-5 ' 

J 

7 ' 14 j 

0*0640 

0 4670 

1 


3— IS76P— 3 
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I— Clear, IT — Stained, III — Stained and slightly spotted. 

P'JG. 2 



Bengal Rnby Mica 

I— Clear, II— Stained, III— Stained and slightly spotted. 

Fio. 3 
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I — Clear, II— Stained, 111— Stained and slightly spotted. 

Fig. 6 



Madras Green Mica 

1 — deal, 11— Stained, 111 — Stained and slightly spotted. 
Fig. 7 


1) 1 vS C U S S 1 tt N S 

It is evident from the data in^Tables 1 and II as well as from the graphs 
(Figs. 2 — 7) that humidity has an appreciable effect 011 the permittivity, power 
factor and power loss of each quality of mica tested, and that the nature of 
their variation is practically the same hi all c^cs. It is found that the values 
of permittivity, power factor and power loss remain practically constant up to 
40% relative humidity and then increase slow'ly, the rale of increase increasing 
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with varying humidity and beiny most marked above a humidity value of Su%. 
It may be of interest to note here that many investigations in this direction 
were cairied out, notably in Kngland, Germany and Italy, before the present 
world war. Dannatt and Goodall (1931) were of opinion that changes in the 
power factor of mica due to variation in the atmospheric humidity were too small 
to be of any impoitance from most points of view. Hut they were contradicted 
by Hartshorn and Rushton (1031) who found a considerable variation of the 
powder factor of mica with increasing values of relative humidity. In fact they 
measured the powei factor of a particular sample of ruby mica at a frequency 
of 800 cycles per second and at a temperature of 20"" C, and found it to change 
very appreciably wdien the relative humidity was varied from 8% to 50%. More 
recently, they (Hartshorn and Rushloii, 1936) have studied also the variation 
of power loss in tyi^ical samples of clear ruby mica with moisture content and 
have confirmed their earlier opinion. Schwarz (1936) in Germany also observed 
considerable variation in the powei factor of mica with varying relative luinii- 
dity. He found the value of power factor to decrease from o‘o2% undei the 
normal atmospheric humidity to 0 017% when kept under vacuum and to 
increase to 0*04% at a relative humidity of 90%, the time of conditioning the 
sample in each case being 24 hours. Tabaracci (1930) in Italy also observed 
that the loss angle of mica was a function of humidity. Our results are there- 
fore in perfect agreement with tlie views of the above woikers. It may however 
be noted here that as llie capacity and the power factoi dial readings of the 
bridge were practically the same at any value of relative hiirnidily, whether 
this value was obtained with increasing or with decreasing humidity in the 
experimental chamber, one is led to infer that the variation observed in the 
electrical behaviour of mica is very likely due to surface absorption of moisture 
and is uot a case of adsorption or any change in its chemical and capillary 
structures. 

One finds further that the stained and spotted quality of eacli type of mica 
has, as one would expect, the largest value not only of power factoi but also of 
power loss. On the otherhand, all the different qualities may be said to have 
practically the same value of permittivity in view of the fact that the average 
permittivity of muscovite mica of any type and quality is about 7 (Dye and 
Hartshorn, 1924 ; Dannatt and Goodall, 1931) while the individual values 
obtained from measurements on different samples even of the same quality and 
geographical origin lie within the limits of 5 ’83 to 9 64 (Lewis, Hall and Cald- 
well, 1931). It may however be mentioned here that we liave used only one 
sample of each quality for our measurements since the main object of our present 
investigation was to study the effect of varying relative humidity on the electri- 
cal properties of Indian mica. 

In conclusion, the authors acknowledge gratefully their thanks to 
Prof. P. N. Ghosh, for his kind interest and encouragement during 
the investigation and to Dr. W. D. West of the Geological Survey of 
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India for kindly supplying the clear qualities of mica samples used in our 
measurements. 
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ON THE CRYSTAL STRUCTURE OF PHTHALIMIDE. 
PART I.— DETERMINATION OF THE SPACE-GROUP 

By S. N. BAGCHl and M. A. KASEM 
(Plate V) 

ABSTRACT. Single crystals of phtlmliuiide were studied goniometrically and with X-ruj s. 
Goniomctric data assign it to the monoclinic holodedrnl class in agreement with Croth. 

The axial ratios, obtained from X-ray studies, are a.-b :c=^2.98 :i :o.4946. Phthahnidc is 
found to belong to space group C®2h— Paj/ii. 

According to Grotli (1906) phthalimide crystallises in the jnonoclinic holo- 
hedral class with axial ratios a ; b : (' = 1.4913 : i : 0.4967 and 

The X-ray data of this substance is completely lacking. The present paper 
deals with the determination of the axial lengths and the space-group of phthali- 
mide. 


P R IC P A R A '1' ION 0 !•' 'I' II li C R Y S T A I, 

It is very difficult to get perfect single crystals of phthalimide. iSeveral 
attempts were made to crystalhse it from a solution of alcohol, alcohol and acetic 
acid, acetic acid and ethyl acetate. None of the solvents had been found to be 
highly satisfactory. However, amongst the solvents tried, ethyl acetate was 
found to be the best medium for crystallisation. After repeated and careful prys- 
tallisatioiis, only a few perfect single crystals were obtained. 

The crystals were all needle-shaped. They were studied with the help of 
the Czapski Theodolite two-circle goniometer. The observed angles between the 
various faces were found to agree with those reported by Groth {loc. ril.). 

M E A S U R E M U N T OF A X I A E b E N G T 11 R 

Hadding-Siegbahn type of x-ray tube with copper anticathode was used. 
Rotation photographs were taken with a cylindrical camera. 

(i) Rotation about c-axis: 

The c-axis being the long axis of the crystal itself can be easily set by mak- 
ing the prism faces vertical. The photograph is shown in Plate V Pig, i and tlie 
mean axial length measured from the different layer lines given by Cu K« and Cu 
Kfl is found to be c = 3.765 A. 

(it) Rotation about b-axis : 

The b (010) face does not develop in the crystal. The b-axis becomes verti- 
cal when the reflections from the prism faces lie in the vertical plane and the 
bisector between m (no) and m' (no) becomes vertical. 

The meAn axial length, b= 7.611 .S., is found from the rotation photograph 
(Pig. a). ■ 
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(Hi) Rotation about a-axis : 

Both 6 (oio) and c fooT) faces bciiiff absent, a-axis was ! fixed by setting 
q (on) and (on) faces vertically. 

The rotation photograidi (Fig. ^3' gives the mean value 22.70 A. 

Thus the axial ratios, given by the x-ray studies of the crystal are found to 


be 


a : /> : c — 2.98 : I : 0.4946. 


Comparing the results w ith those given by (Iroth (loc. ri/.) it is found that the 
length of the ^r-axis is twice the value assumed by Groth. 

In order to dcterniine correctly the space-lattice and the space-group the 
reflecting spots must be identified and indexed unambiguously. 


I) jrr ER At 1 N ATIO N or THE SPACE-L ATT rCE 


( )scillali()ii photograph : 

The crystal was set with the c-axis vertical. The oscillation started with 
the incident beam normal to a (too) face, i.c., parallel to the reciprocal a-veclor 
-a^-axis. Tlie ocilhilion ranging from o® — iSo° was covered in ten successive 
stages, each oscillating within the range of 

'I'lie Iheoielical Bragg angle of reflection of diffracted planes which alone can 
appear in the oscillation picture as judged from the reciprocal lattice are compared 
with those obtained from the direct measurement of the photograr)h. Thus every 
spot in the pholograpli is accouutcd for and given the proper index. The Iheo- 
retical angles are calculated from the equation 


Sin 0 = 


A 

sin/i 




^ hi. 


where 0 is the Bragg angle of reflection of the plane ihkl), 
a, h, r are the axial lengths already determined 
is the axial angle determined from gonioinetric studies. 

A perusal of the indices of the planes reflected in the central layer line 
showed that no special conditions guide the reflection of (liko) planes. 

Since there is no restriction in the appearance of (hko) reflections, there 
cannot be also any .systematic absent spectra in the general (hkl) reflections. 
Hence, being superfluous, higher layer lines of the r-axis oscillation photograiThs 
were not analysed. 

The unit cell of pblhalimide, therefore, belongs to the simple monoclinic 
lattice. ^ 

determination of the SPACE-OROrP 

Weissenberg photographs : 

One of the axes being too long, the angles of reflection of (oko) planes lie 
very close to tliat for (Iko). Hence in order to decide unambiguously the najtire 
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of (oko) reflections, Weissenberg photograph of the central layer line around 
f-axis of the crystal was taken (Fig. 4). 

All the spots were correctly indexed. It was found that no systematic absent 
spectra occur in the reflection of (hko) planes, as already indicated by oscillation 
photographs, but {hoo) and (oko) reflections occur only when h and k are 
even. 

Since the crystal belongs to the monoclinic hololedral class, halving of {oko) 
indicates a two fold screw axis along b while halving of {hoo) indicates a glide- 
plane of symmetry normal to the l>-axis and having a glide oi aja or {a + c) 1 2. 

To choc^ between these two alternatives we have to'study the nature of 
(hoi) reflections. 

For this purpose a Weissenberg photograph of the central layer line around 
h-axis of the crystal was taken. This also gives us directly the angle 13 between 
a -and r-axes. 

/3 was found to agree satisfactorily with the value reported by Grotb. 

Indices of all the spots showed that not only the odd orders of (lioo) and 
{oul} are absent but also all reflections from iliol) where (// + /) is odd, are absent, 
This means that the glide is ((( + c),2 and not <1/ 2. 

As all the necessary and requisite conditions of finding out the correct space- 
group of a monoclinic lattice (cf. Astbury and Yardley) have been deter- 
mined, the nature of (0 k /) reflections were not studied. 

To sum up, it is found that (0 b-axLs is a two-fold screw axis, since odd 
orders of {o k o) reflections are absent and (ii) the plane normal to the b-axis, 

(oio) plane is a glide plane oi .synunctry with a glide of Ui + l)/.'., since all 
reflections from {hoi) where ih + l) is odd are absent. 

On comparing these critciia with those given by Astbury and Yardley 
doe. cH.) the space-group is found to be Cij;, — P21/11 

NUMltER OK MOLKCKblCS IN 'J'HR KNIT CEbb 

The number of molecules per unit cell, 11, is given liy the relation 

P= n, M. )ii/ V 

where p = density of the phthalimide crystal. 

« = the number of molecules of phthalimide C(jIl4fCOl2NH iier unit cell, 
ni = vvl. of H atom = 1. 649 X io~^* gm. 

M = molecular weight of phthalimidc= 1.^7. 

V= volume of the unit e'ell 
= abe Sin f 3 

= 22.7 X 7.611 X 3.765 X Sin gi^iSa' x lo”*^ e.c. 

= 6.504 X c e. 

The density was determined by the flotation method fiom a solution of /-iiic 
sulphate. It was found to be 1.452 

Hence the number of molecules, n, per unit cell 

pV/Mm = 3.896 4.0. 


4— 1576P-3 
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SUMMARY 

The axial lengths a, b and c were found out from the three rotation photo- 
graphs. The length of the a-axis is found to be twice that assumed by Groth. 

The axial ratios are a ; b: c-2.yS : i : 0.4946. 

Oscillation photographs around r-axis showed the general nature of {hko) 
and (hkl) leflcctions indicating the picsencc of the .simple lattice. 

Zero-layer-line VVeissenbeig photograj>hs around 6 and c-axes were taken. 
The h-axis photograi)h gave (i angle agreeing fairly well with that found opti- 
cally, viz., 91°i8S'. 

All reflections from {hoD planes where (/i + /) is odd are absent. 

From c-axis photogi'aph it was found that all odd orders of {oko) reflections 
are absent. 

Hence h-axis is a two-fold screw axis and (ac)-plane is a glide plane of 
symmetry with a glide (a + rl/-. ^urd the si)acc-group is C5 a-P2i/ti 

(7 = 22.700 

/> = ;.6it K 

‘■ = 3-7^5 ^ 
iS:J 

ii~ 

Our Ifcsl lluiiiks aic due to Pnjf. S. N, F»()sc for liis guidance and conti- 
nued iiiluxst in tins work. One of the authors (vS. N. B.) wishes to record 
his tlianks to the Imi>erial Council of Agricultural Research, India,* for 
financial hell) and to Pi of. J. N. Mukherjee for making it possible foi him to 
work at Dacca, 

X-RAY LaHORATORY, 

Dacca Univkrsixv. 
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THE THEORY OF THE I 80 <^ MAGNETIC FOCUSSING 
TYPE OF BETA RAY SPECTROMETER* 

By AJIT KUMAR SAHA 

ABSTRACT. A rigonuis iiiathcinaticalllieory of the iSo® uiiignelic' fuciissiug type of 
^-ray spectrometer has been worked out. An expression for the transmission factor of this 
instrument as a function of the magnetic field and the electron-momentum has !)ecu 
obtained. The transmtssion factor of the spectrometer of lyawson and Tyler has been 
completely calculated numerically in order to compare this theory with an earlier approxi- 
mate theoiy developed by lyawson and Tyler. 

?i. The iSo“ magnetic focussing type of ^-ray speclroincter with variable 
field has become today, like the ionisation chamber, the Geiger Muller counter 
and the cloud chamber, an indispensable instrument in nuclear physics 
laboratories. It has found extensive application in the study of the shape of the 
conliuiious /J-ray .spectrum and the determination of the position and the intensity 
of the conversion eiectron groups. On account of llic great importance of lliis 
apparatus it is ucce-ssary to^liavo its complete mathematical theory. The only 
existing theory apiiears to be that due to Lawson and Tyler !]y 4 o). They have, in 
course of developing their theory, been forced to resort to many approximations 
and have employed graphical methods even at the initial stages of the theory. 
CoiiseQucntly their mathematical working is rather obscure at many points. 
The following is an alternative treatment of this problem, being essentially a 
continuation of a method developed by the writer bSaha in connection 

with his theory of the screen cathode fi-x'dy spectrometer. Almost the same 
notations, as used in the previous paper, have been employed here Ihroughout. In 
this theory the method is strictly geometrical, and the analysis may be continued 
up to the final stages without employing any simplifying approximations. The 
permissible approximations come out automatically in course of the analysis 
and these have been clearly indicated in the final calculations of the so-called 
transmission factor function of this instrument. Again it must be pointed out, 
that only one graphical integration has to be carried out in this analysis and 
even that at the final stages, whereas Lawson aud Tyler had to carry out more 
than one graphical integrations. Thus this method turns out, for practical 
purposes, to be simpler than that of Lawson and Tyler, finally tlie method 
has been used to calculate the transniissiou factor function for the Lawson-Tyler 
/3-ray spectrometer in order to compare our theory with that of Lawsou and 

Tyler. 

. * Comninuiiated by Prof. M. N. Saha, J'.R.S., I'.N.I. 

i This Paper w ill be referretl to here after as Paper F. 
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g M OTIC) N f I !• T II Iv JJ L Iv C 'I' R «) N vS 1 N A A G N K T I C 

ri Ivl, I) 11 

In fig. T O represenlb Ifiu centre uf the rectangular plate over which the 
radioactive sample under investigation is spread. With this point as origin, 
let us take tw'o axes of co-ordinates OC and < as shown in tlie figure. (>4- is 
perpendicular to the shorter edge of the sample plate and the positive direction 
of I- points away from the reader. < )»/ is peiiK'ndicular to the longer edge of 
the sample plate and the positive direction of rj points to the right side of the 
figure, away from the slit Sj. Let S he a point (^, >/) on the sample plate. 

At S we construct a right handed hame of reference as shown in the figure. 
S/. and vSY are respectively parallel to 04 and ( ii;. ,SX is normal to the plane 
of the sample jdate and positive direction of .v is uiiwards from the plate. The 



/, 


Fig. 1 

inagiiclic iiclcl |)uiijts to tlic lu Katixe dijtotioii uf / iixis- l.Lt ns siiMiusc llial 
an electron leaves llic point vS in llic direction SA . Fet be tlic /xijitli aii^^lu 
and f/i the iv/inmth of SA, /.c., let 0^ L AS/^ and 0- L XSB, where SB is llie 
projcclion of vSA on the z — o jdano. Instead of taking lo be -the election 
inoiiieiituin, as lias been done in paper I, xxe shall take 

X electron nioinentuiii. (2.1 j 

Let // be tile Jiiagiietic field applied. As pointed out in paper 1 tlie electron 
Irajectoiy has the shape of a helix whose axis is parallel to the magnetic field 
and whose projection on the z — o plane is a cnch . If the ijuantities /), />, 7. be 

defined by . .. 

7)-^', /,-.t7U'os^, ... (2,1) 
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tlien the clectrou trajectory is hy 


(.v-p sill it>y^ + iy + p cos, = 



.. (2.2b) 


liquation {2.2a) represents the projecliou of tlie helix on the plane 2 = 0. It is 
a circle of radius p, with its centre at N (fig, 2) whose co ordinates are 

.Vn = p siiM/i, yN=-pcos</j ... (2.3) 

^ i.s an angle which has liccn called in iwper 1 by the name pilch angle. If 
J', be the projection of any ijoiiit on the electron trajectory on the 2=0 plane then 
the corresponding d is tl;e Z liK.S. The significance of the length L, the pitch 
of the helix has been explained in paper I. h'or convenience we shall cull : 

(«) the circle (2.2a) as the circle P. 

(b) the locus of centres of the circles of P for the same D and 0 but 
difTerent f as the circle <J. 


V 


h’lG. 2 



Befoie piocecding any further, we shall explain certain .symbols which we 
shall have to use very fre(iucntiy hereafter. Consider the section of the spec- 
trometer by the plane c = o. Let this plane cut the source slit S, at points A, 
B and the Qounter slit Sg at points 'I'l, T2' Let AB cut vSTiTg at C. Let the 
circle P cut the tine AB at a point M and the line OC at a point T. 
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Let the syiiilx)ls «, s, 6, I, d be defined as follows 

a=ZMSC. s=MS, 8=CS, / = TS, (/ = MC. 


'I'hen 


sin«_cosa_ / 

d ’8 7 


(2.4) 


If 80 denotes the petpendicular distance of the centre O of the sample plate 
from the plane of vSj then 

8=8„ + »/ ... (2.5) 


It is easy to prove that if <J> = the azimuth of an electron (p) for which the 
circle (2.2a) j)asses through a point M{a) on Sj, then 


<i'=a + sin”' 



TT 


(2.6) 


The distance / for this electron is given by 

t— 2p cos + sin cx^/ r)2 sin (2.7) 


The rj -(lisplaccinent of the electron when it leaches the counter slit is given 
by where 


L 


1= /kOiO 

an sill ’( 7 >, j 

/ 

J) sin 6 J 


(2.S) 


'rhe jiortion of the line AB extending from A to B will be called by the name 
J. By K ^\e shall understand the portion of the line SY^ extending from Ti to ^^2* 
Let andy=~/i, -{2 be the boundaries of the slit S2. If 2L1 

denotes the length of the longer edge of S2 then 


A. = Ci-£, A^-Ci+^. 


(2.9a) 


If 2C2 denotes the length of the shorter edge of S2 and Iq be the distance of the 
centie of the sample plate from the centre of counter slit then 

+ /2 = /o+’i-^’2 ( 2 - 9 W 

'I'he condition that- an electron will be admitted by the counter slit So and be 
counted are as follows 

(<r) The circle V should cut both the lines J and K ... (2.10a) 

(h) (i) o<Z<A+ for electrons with ^ in 0 < 6^ < (tt/ 2) ... (2.10b) 

(2) A_ > Z < o for electrons with ^ ill + (tt. 2) < S < ;r ... (2.10c) 

As pointed out in jiaper 1 electrons* with ^ in 27r > (? > tt nr <p in 3:^/ 2 > fp > 77/2 
will be cut off by the source plate. We have therefore the following restrictions 
on 0 and 6, vis:. 

(a) ^ can lie only in the interval — >0> - ^ 1 

- " \ ... (2. II) 


(b) and 0 within n'>0>o 
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§ 3 . R E vS T R I C r I O N S ON p IN OKI) E R Til A T A N 
EIvECTRON Ip, MAY 1* A S S THROUGH Sj 

The aiiKlc « can vary only between the limits «„ (these being the a’s coi- 
responding to the points A and B respectively), for a,. > a > «„ is the only open 
portion on Si. Tims can vary only between the limits ‘ 1 >, > <I' > tl*,, (<!>*, 0 ),, 
being the 'It's coricsponding to electrons i> whose M coincide with the points 
A and B respectively). I^et us now examine how ‘ 1 > for any particular <x varies 
with 2p. The ‘I> v.s, zp plot for any lyarticular a [fig. 4(11)] starts at (2p=.sv. 
‘l> = a) and falls uniformly as we increase zp. Again d'(a) = o at 

2/) = ,N„seca I3.1) 

Thus for .s- < zp < i- sec a, we have > o and for zi> > x sec a we have d'a < o. 
Further more as 2p CV), ‘l'(a) a— a- '2 asymptotically. Suppose that at 
P=/»Aii - 'I',,. p*i, will be given by 


Let us now examine the following cases in some detail. 

Case I : a* < su sec «n (figures 3). 

(i) su <. zp ■<. s, ■. — The circles 1* and the line J will cut at points 
between D [ o( = au = cos~’- (S/ap)] and H (a = a„) jiiovided 'I'„( = o(u) d),;. i.c. 

|irovided N is on lire arc Ni>Nr [fig. 3(11)] of the circle Q- Both d*,, and d>„ are 



Fig. 3(a) Fig, 3(6) 


> o and therefore the arc NuNn is above SY' so that according to (2,7) 

in ^ t ^ i D. 

(2) .<A < 2P < .fu sec (Xj ; — The circles P and the line J will cut provided 
d>A > 0 > d>„, i.c., jirovided N is on the arc Na N,, [fig. 3(1?)] of the circle Q. d\ 
and d'n are both > 0, so that the arc NaN„ [fig. 3(b)] is above SY'. Hence 

fn t t A. 

(3) An sec «„ < 2P < 2p^n ‘I’* > o, d>„ < o and d?* > -d>n. The circles P 
and the line J will cut if d^A >0 > d'n, i,e., provided N is on the arc NaNp. The 
position of the centres Na, Nd of the circles Pa and Pp relative to the line SY' 
is as shown in fig. 3(c). Let No be the centre of the circle Pc for an electron p 
whose ‘I*=o. The « of the point where Po cuts J is given by 

«c“ cos"^ (8/2p) 


[3-3) 
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lividcntly then /r > / > /*. We mast note an important fact hece. If the centres 
NiijiNi-.j; of two circles pjfj and 1^2 are so ]>laced on the arc NaNi., one above, 
and the other below SV', that arc \,Ni:i= aic NrNr2, then since we 

find llial the circles Pi-a and Pr-j will intersect each other at a point Tr: which lies 
on the line SY'. Thus [fig. 3fr)]. 



(.1 1 j/>M < 2 p < sec (Xa : — > o, < o, and < -‘hn. In this case 
also N iiuisl lie on the arc N^Nu if the circles P are to cut tlie line J [fig. 3(d)]. 
Hut since now d‘v < — *h,j \ve shall have /< > / > /i» [fig. 3(d)] . 'I'lie rest of the 
discussion in (3) hoUl here also. 



(5) 5 a sec cxa <i2p<oo : — and aie both <0, and — Again 
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N must lie on the arc NaNo if the circles P are to cut the line J. the aic N*N. 
lie wholly below SY' as shown in fig. so that 1* >t > 



Fic,. 3(<') 

Case II ■. .9a > .vi. sec a„. This case needs no separate discussion. The 

conclusions arc only trivially different from those of case I. 

§4 FURTHER RESTRICTIONS ON 4> INTRODUCED RV 
T II K COHN T E R SUIT Sj 

Let us plot / against 2/1 for difTei cut a ’.s and consider in detail the curves 
thus obtained. These are shown in fig. 4(h). p'rom (2.7) it is clear that for 
any definite value of « : (a) / does not exist for <. I, ib) ai 2 f) = s^, < = 15 , 
(f) dl [d{2p) = 1 at 2p = s sec a, id) t inci eases uniformly as 2p is increa.scd and 
ie) as 2 p —^00, I — > asymptoticaliy to the value < = 8+2/> sin a, which represents 
the straight lincRM,.| [fi,g. 4ih)] passing through ( 2 p — o and / = 8) and inclined to 
the 2p axis at an angle tan" '(sin a). 'Ihus for any particular point M on the lino 
J with the souice angle exta' > a > w,,), the i v.s. 2p curve starts at Mi(2/J = i\, 
/=8), rises uniformly, touches a line B2A2 passing through (< = o, 2/> = o) 
and inclined to 2p axis an angle of nj/\ at a jioint (2p=.v„ set « = <) 
and finally approaches asymptotically the line RM3. The curves corresiioudiiig 
to points A, B on the line J are the curves AjA^A.,, B.BsB., respectively of 
the figures. Evidently these curves intersect at N { 2 p — 2 pi.u,l = hv). Consider 
the curves B, Bj As Aj and B, Ai N Bj. Clearly for any paiticular value of 
2/5 the ordinate of the coi responding point on the foiiner curve gives the 
maximum possible value of t for the circles P interesting the line J, and that 
of the corresponding point on the latter curve gives the niiniinuni possible 
value of <. We may call thcrefoie these cuivcs by the name the /m,u and the 
hnin curves respectively. In is easy to see that the Ini«x curves coincides (a) 
with . or 5i>< 2(0 < Jb sec otj,, (h) with the line B-^Ajj (wdiose equation is l = 2p) 
for ,vns «„ < 2p < .va sec «* and (c) with <* for SASeca*<2p. Also the Imin 
curve, coincides with (a) the line B,A, which is parallel to the 2p axis and is 
placed at a distance 8 from it for .^n < 2p < s», (h) with <a for s^ < 2p < 2 Pan, and 
5 — ’576F- 3 
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(c) with /„ for 2fu« < 3f>. In passing, we note that m the regions s, < 2 p *• 
htc «„ and .s-, sec a. < ap, llic U cui ves do not cut each other. But m the region 
s„ sec a, < 2 i> < Sk sec a* eacli t„ curve cuts any other t, curve once. 



Now let us draw two lines Lj and L,; paiallel to and ai distances /j, ^2 
respectively from llic a/* axis. I<el ihe.se lines cut the Imux cinve at the points 
P, and p2 respectively and the /n,m curve at the points Q, and Q.." respectively 
(tigs- 5,'. Let the abscissae coiicspoiidiiig to these points be ai^r, aR,', aRr', 
aR, respectively. Then conditions (a.ioa) show that the lirsi condition that 
must be satisfiediby /> in order tl.at the ciicles P may cut both the lines J and K is 

aR,<2p<2R, •4-1) 

Poi each point 8 on the source plate these values R( and R, arc constants and 
it is our purpose to determine them. Supjiose that a line L parallel to and at a 
distance / from the 2 f> axis cuts the fmai curve at 2 p = 2 Ri| and the /mi,> curve at 
ffiin. 1 1 is clear that 
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(a) if / < <5 then Rn doets not exist, 

(b) ab sec «!„ then Rn is ^iven by 

4Ra=i~~-] +A?„ 

y Sin «« j 

fc) if 5n sec CX|, <C / < sec oc^ then Ra is given by 

2 R,1 = /, 

id) if aa sec cXa < / then Ru is given by 

iR\ = i ] +s,=. 

\ Sin cx, 


Again we note that 

(a) * if / < S then Rai does not exist, 

(b) if 8 = Z then Riu may have all values between Sn and s^., 

(c) if 8 ^ < /a„ then Kai is given by 


= ) +A**, 

\sm (X, / 


(d) if tAij / then i?ni is determined by 


4K?iij=( ) +■< 

tsin Wb ' 


A«“. 


(4.2a) 


( 4 - 2 bJ 


The quantity /au occurring abave is tlij ordinate of the point N [fig. \{h)] 
where the in and the i\ curves intersect. It is evidently given by 


U =8 + ^'|" ... (4.3) 

Thus the quantities 

i?i =/?/»!, R,' = Rli\\, Ri' = Rli\, R, = Rliii, ... (4.4) 

may be determined by the use of tlie appropriate formula given above. 

We are now in a position after all these foregoing discussions to examine in 
detail the restrictions that should be imposed on <i> in order that a circle P may 
intersect the lines J and K, the radius of the circle P being such that the 
condition (4.1) is satisfied. We have two distinct cases to consider. 

Case I ; It may happen that !?/> J? / [fig. 5(a)J. 

, (A) LetaR, < 2p<2R/. Let the abscissa of the point IJ, be 2p. 
Througfi U, draw the ordinate and let it cut fmw at V, and La at W,. Then 
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— i) : — if ttnax—h, there will be only one U curve through Wi and 
the azimuth of the circle P passing through this point « on the line J and 
having 1 = 1 ^ is 

‘]»Zi!=cos“’ (/Jap). ... (4.5) 

The circles P will cut both J and K if 

<hi2>f><l>„. ... (4.6) 

(A — 2) : If /mait = ap then there will be two la. curves through Wj and the 
azimuths of the circles P passing through these points a on the line J are 
'I'he circles P w'ill cut both J and K if 

'hjj ... (4.7) 

movided both the I, and /„ curves are below the line La- If however, 
one of these curves say It fall above this line, theu d)* and consequently ijt 

should lie betw'een 

‘1>* > 0 > <!)/,. (ij.g) 

Similarly if /„ falls above L21 <!> should lie betw'cen 



5 (a) 


(A — 3) ; — If /i,m\ = /A. theu again there will be one /» curve through W, and 
the corsespondiiig azimuth is — The circles P cut both the lines J and 
K if 

(4.10) 


a‘4>0>-4>/,. 
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2Ri 2p-^ 


Fig. 5(6) 

(B) Let 2R/ < 2/) < 2Ri'. Let the abscissa of the point [fig. sla)] be 
2p. Through U- draw the ordinate to cut i,nnx at V2 and /mm at W*. Then 
it can be easily seen by an examination of figs. 5a, 5/) that no matter what /,n»« 
or /min curves are, the circles P will cut both J and K if 

(4.1 j) 

(C) Let 2R/ < 2p < aRj. Let the abscissa of the point U3 [fig. 5(a)] be 2p. 

Through U3 let us draw the ordinate to cut the line Li at V3 and the tmiti curve 
at W3. Then if /mux curve is either the curve /a or the curve /i, we find that 
there is only one ia curve through Vj and the azimuth of the circle P passing 
through this point («) on the line J and having t=l, is according 

or /a, the angle ‘J?ti being defined by 

‘bl, = cos“M/i/2p) . (4.12) 

On the other hand if /max ==2p, then there are two /a curves through W-, and the 
azimuths of the two circles P passing through these two points on the line J but 
meeting at the same point / — /i on the line K are ±‘bi,. Thus the circles P 
will cut both J and K in the case 

(C“ i)/miii~ /» and /miii^/A, if d’/i ^ If ^ ‘I'll, ... (4.13) 

(C — 2)/m»x = 2p and /min = / 4 , if 0 lies on either of the intervals 


‘X>* > ^. > <i% or - >^> 


• •• (4.14) 
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provided Ik lies below l„. If however /u lies above Li, then the proper limits 
arc 

... {4.15) 

— 3^ * 2/* and t min — if < 1 * lies on either of intervals 

or > (p > ... (4.16) 

proviclecHA lies below Li- If however f a lies above Lj, then the proper limits 
are 

... {4.17) 

(L /rn>ix~/A aud /iriiri”/Hi if ”* 0 ^ ... (4.18) 

Case II : A^ain it may happen that K#' < Rj, [fig. 5(b)]. 

(AT^ If 2/? * < 2fi < 2R / llien the discussion is the same as that of (I. A). 

(11; IvCt 2R1' < 2/* < 2R/ Let the abscissa of the point Uo be 2P. Draw 
the ordinate through I'a to cut the lines Lj and L2 Vo and respectively. 
Then as in case 1, if (mn\ is either ly. or then only one curve passes through V3 
and another through and the azimuths of the circles P passing through the 
corresponding jmints on tlie line J and meeting the line K at / = /i and are 

<h/,, d'/j respectively if / max — int '' 

or - d'/i - d’ij respectively if = i*. 

* 

On the other hand if im,ix = 2p, then two t. curves pass through V* and another 
pair through Wj. Thus azimuths of the two circles belonging to the family P 
which meet the line K at / = /i are ±d'/| and those of the two circles P meeting 
the line K at 1 = /a arc ±d‘/2. Thus circle P will cut both J and K in the case 
when 

(B- 1) tm„*= tn, if 0 lies on ‘l*fj> ^»> ... (41^) 

(B-2) <t.,«» = 2f', /nim = b, if 0 lies on either 

< 1 % ><!>> 4>;i or ~ d*/, > ^ > - (4.20) 

provided tn lies below La- If in lies above L,, then the interval on which <p 
should lie is 

d'/j ><?.> d'/,. _ ... (4.21) 

Again if i» lies between L, and La, then the intervals are 

d'/, >^>d’;i or -d>ii>9 >>dv ... (4.22) 

(fi-3> bm,* = 2p, ^mii. = /np if <l> hcs Oil either 

d'/j > 0 > d>(, or -d‘ii > ?.>-d)j, ... 

ptovided L lies below La- If L lies above L» then the proper interval is 

-iHi> ... {4.24) 
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Again if U lie? between Li end Lj. then the intervals are 

<1', ><p> (hi, or - <1>ij > 0 > - ‘h/j. (4.35) 

(B-4) = if 0 lies on -‘h/, > 0 > '<126) 

(C) If 2R,' < 2p < 2f? ,, then the discussion is the same as that of (I-C) 

This discussion, given in this section, is too abstract and tedious, and one 
may lose the general trend of the method in the maze of mathematical formulae 
appearing above. Sowc propose, before ])ioceedii)g any further, to take up the 
concrete case of the lyawson-Tyler ^-ray spectrometer, and illustrate the use 
of our method. For this instrument we have ■ 

2^0 = 24001, fr, = 2C, = i.6 cm, <rj,= 2Ca= .3 cm, 

rf* = i3.8g cm, di,= io.iTcm. 

Letus take »)= +.rs cm. Theu the values of the cone.sponding quantities 
8, /j, Ij, etc. appear in the following Table. 


'r.Mii.E I 



h 

'2 ! /i . 

1 II { II ; a 

a 

b. 

1 

1 

Ml sec a„ 

54 sec as 

/am 

2 R . ' 


aK , 
a /2 


. 1 1 

cm 

12.15 

cm 

! 

24 -1431 
cm cm. i rnri , 

1 

85,.! 5 

rad 

15 Si 

(MU 

i 

1H.48 I 

II 

cm I 

20 f>8 
cm 

2tS.t>5 

cm. 

24 7', 
cm 

2-1 5.S 
cm. 

24 71 
cm 

24 27 
cm 

.. 24 53 
cm, 


Since sec a,, < ■< /, -< .Va sec it is clear that for the region v\c aie 

interested in, /mm = 2p. 'Consequently 2/? < , iR,' are given by formula (42a) 
[ca.se (c)J, being therefore respectively I-, and Again since /aw<1/2<1/,, 
2R/, 2R , are respectively given by formula (42b) [case (d)J. Ivvidently, 
2R/ ■< 2R/ and therefore we have to discuss a figure like fig. 5(b)- Let /,, 
curve cut the lines L,,, La respectively at the points 2p= 2 R\li and 2 R^l•l res|iec- 
tively. These are determined by 

(2i?A/i)*= (/, -S/sin «*)’ + .?,*, (2 Ma/./)“= f/a-S/sin ot ,;*4 .v.,*. 

The actual numerical values of these quantities are given in Table I- We 
shall have later occasion to calculate Ti(p, »/', the total length of domain over 
which the azimuth 0 should lie in order that the circles P may cut both the lines 
J and K. In what follows we shall obtain expressions for Tilp, rs'. Thus for 

(a) 2JR (< 2p < 2i?A/j, the azimuth should lie between <P/j<0<-‘hij [c/, 
II. A above, i.e., formula (4-7)] • ' Thus Tiip, .J5) = 2^lHi. 

(b) 2Ka/j < 2p < af?i', the range on which the azimuth should lie is 
^A>'0> — <E>lj [f/. formula (4.8)]. Thus 7 ’j(p, .15) — ^’1''+ 

(cj 2R1' < 2p <. a/?,', the intervals are dh > 0 > and -d>i, > 0 > — 

\cf. foiniula (4.26)], Thus l\{p, .i.5) = d’, + <I>j, - ad’jj. 
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procedure given above, for »; = o cm, and —.150111 with necessary modifications. 
The corresponding curves 7\(/), are shown in fig. 6(6), It is clear that forms of 
these curves do not depend much on 1;, In fact, the 7'//), curves for diflercnt 
values of 1] may l)e obtained by shifting o) curve by an amount »/. Thus 

we may take in future 

TAfK V) = Ti(D- f}, t| = o). ... (4.27) 

'J'his completes the discussion of the restrictions necessary on the azimuth 
of an electron in order that it may pass through tlie counter slit. These restric- 
tions are introduced by the finite extensions perpendicular to ihc magnetic axis 
of the slits and So. The extensions of these slits parallel to the c-axis, r.r., to 
the niagnatic field introdiic'es certain restrictions on ^ and D so that conditions 
(2.10) are satisfied. These restrictions will be calculated in what folIow^s. 


§ 5 . R K S 7'R I C T T O N S THAT M V T UK I M P O S K T) ON e 

We note that the .xlisplacement of the point where an election cuts the 
counter slit vS^ is never less than the ^-displacement of the point wliere this elec- 
tron cuts the source slit. So it is enough to calculate what restrictions are 
necessary on the parameters 0 and D in order that an electron may ]>ass through 
the counter slit. We shall confine our attention first to llic positive portion of Su 
where o < ^ < tt/s. 

As pointed out already in §2, the c-clisplacement of an electron when it 
reaches the slit S2 is Z, where Z is given by (2.8). Clearly Z will exist only 
if 2p, i.c., D sin 0 < Thus if I) > ,9 and Oj is defined by 

sin^i = 5/D, (5‘i) 

then Z exists if ^ Evidently 

, — (5^) 

2 

Now > ^i(aF«) for cXv>(X>«M. For ^ > ^,((Xa) it is clear that 

Z(0, (Xa) > Z(0, a) > Z{0, (Xn). The discussion of the Z(0, a) curves for 0 < 
is difficult but is fortunately unnecessary as we shall see presently we shall have 
almost always to discuss wdiich are > ^i(otA). 

It is clear that a Z{ 0 ) curve for any particular <x and D starts from a maximum 
at <9 = tfi((x), then falls uniformly as we increase ^ and reaches the zero value at 
^ = 7r/2. r^7. fig- 7(«)]. 

' We have seen already that in order that conditions (2.10) may be satisfied wc 
must have condition (4.1) satisfied. If the angles , defined by 






6— isrep— 3 
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then 

ia) if D'^2Ri, we have ap < ai?( according as ^ , 

(h) if D> 2R(', w'e have 2p ^ zRi' according as ^ 

(54) 

(c) if D>2R/ vve have zp ^ 2R,' according as ® ^ B,', 

((/) if D'^zR, we have ap ^ 2R, according as 0 ^ (9, . 



Fig. 7(a) 

In fig. 7(t>) we have plotted the angles ^,(a), 0 ,, 0 ,, as functions ofD. 
v.s. 7) curves start respectively at [D = 5n, ^i(«ij = 7r/2], [i> = .fA, 



Fig. 7(6) 
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«j(a,)=7r/2] and falls uuifoimly as 7.1 is iucreascd. The curves 

also start from the maximum value niz &t D=2Rt, zRt, zR,', zR, respectively 
and fall uniformly as D is increased. Again since in almost all cases zRi > s, 
we must have ^, > 0, > > e,(a„) for D>2i?, . From the figure it is 

clear that the condition ( 4 . 1 ) is satisfied only when the point (7 lies on the 
shaded area bounded by 6—1: 1 2 line, and 6—0, curves. 

We shall now calculate for what 6 will the curves 7 X6) for any particular D 
and «, cut the line M which is parallel to and at a distance A.,, froni the fl-axis 
[fig. 7(h)]' Let us suppose that the two Z(0) curves correspondig to — and 
«=«i) cut the line M respectively at 0=0, and 0 =0a. To determine these angles 
we must solve the transcendental equations 


Dsinfl sin -a. 


7 ) sin Of, sin ^ — «,j 


— Sa 




is 5) 


These equations cannot be solved exactly but numerical .solutions by the 
aiiplication of the method of Ri j;ula Falsi (mentioned in paper 1), may be obtain- 
ed. Let us plot the angles 0, and 0„ against /) as showrr in fig. 7 ( 1 )). It is clear 
that since 0„ < 0 ,, the ^ 1 ,( 77 ) curve lies below the 0,(0) curve. Jt the point (O, 0) 
lies below ths 0,, (77) curve then evidently Z(/7, 0, a) for all slit angles a* > a > «„ 
willbe>A+. Thus in order that condition ( 2 . 10 b) be satisfied, it is c.ssential 
that the electron must have its point (77, 9) in fig. 7 (h) between 0 = nl2 line and the 
tfii (77) curve. Conditions ( 2 . 10 b) and ( 4 . 1 ) will be simultaneously satisfied if and 
only if an electron has its point (77,0) within the area [marked off by thick lined 
boundaries in fig 7 (h)] surrounded by 6=jtI'z line and the 0 <, 0i, and 0, curves. 
The 0X0) curve cuts the 0, curve at i7=77,„ where D.u is given by 


A$ 


[«i,+ sin”* (.vi,/27?,)]“ 


+ izR» 


(5.0) 


It is immediately clear that if D<.2Ri or 77 >77, p, then no electron can 
passthrough the positive portion of S^. 

Let us examine the curves in fig. 7(b) again in detail. For nj2>0>0s we 
have Z(0, a) for all slit angles «., > « > ex,, will be < A+ and so if the a/.iniuth of 
an electron (77, 0) lie within proper limits discussed in §3 and ^ 4 , all these 
electrons will be admitted by .S*. But difficulties arise for 0, > 0 > 0„. Let o, 
be the slit angle, corresponding to which Z(0, O, a,) for any particular 0 in 

0. > 0 > 0» is A+ . Then Z(0, 77, «) < A+ according as «,> a > a, or (Xj > « > 


Thus ill order that couditiou ( 2 , 10 b) bo satisfied we must liavc > cx > (x,i. 
given by 




D cos 6 


“Sin 


1) sin 0 \ D cos 


is 

(5.7a) 
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Thus 'I'ai, = the* azimuth of the electron fD, 0) for which the circle P passes 
through the point M(« = cx,) in the line J, is given by 




D cos 0 


(S-7b) 


Thus if an electron fD, has to pass through the counter slit, its azimuth 0 
should not lie in ‘i>* > > Qjo,, but must lie in ‘I’a, > 0 > d.>, . This must be 
Iwrne in mind in applying the restilts of ;'3 and §4 to electrons (D, 9) for 9 in 
9,>9> 9„. 

The discussion for the negative position of the slit S,, where njz<.9<.‘n, 
follows closely what has given above. The corresponding conclusions may be 
inimcdiutely drawn by an examination of the upper half of the fig. 7(6). 


§ 0 . T K .A N S M I S .S 1 O N !■ C T OR O 1' T H R SPEC 1' I< O M E T 1-; R 


Wc may now proceed to calculate the number of electrons eiiteiing the 
counter space in a magnetic field H. Let nip) be the distribution function in 
p, i.c-, nip) dp is the numbei of elections emitted per second from one unit aiea 
of the samiile plate per unit solid angle, having their momenta in the range 
/> I- (//>.. 'I'lien the numhci of electrons entering the counter space is evidently 


Let 


\ = J dp J ihj i d/; J sin 9,10 / 


T),i ) 


TM = s df, r.,(D, 4-, r]} = i 1\ sin OdO, 
T-AD, = i T^d$, r(D) = rr,dv 


(6:2) 


'I'hc limits of tlie integrals T,, 7'^ have alreadj’ been di.scus,sed in L] and 
We shall now numerically compute these integrals for the conciete case of 
the Lawson -'ryli^t /^-lay siiectroinctcr. The functions Tj(p, jj) have already 
been calculated in lor three different values of >], viz., r/= “.15, o, ^•.I5 cm. 
[(•/■ fig- 

To calculate (f, ij) we proceed as follows. Taking cm., we first 

plot the v,s. D curves for three different values of viz., o cm., .4 cm., 
and .S cm. Since 9 is very nearly njz we may use the following approximation 
instead of using the method of Regula Fahi. Taking 


e^njz-e, ... (6.3) 

where < is understood to be small, we get 

fH«,+ siu~' is.\ID)\’ " /i|®ii + sin“Mjii/I))] ‘ 

In fig. 7 (c). n, have been plotted for the following values 

A+s=,iScm., .40111., 0 cm., A_ = .8 cm., 1.2 cm., 1.6 cm. 
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It fe quite evident that «„(/); are more or less cou.stants. Value?, of ?; for which 
the electron (D, «) enters the counter is so small that sin ( 5 = cos <■ «=- 1 and so /• 
does not change appreciably as we change « between the limits of the integral 7 V. 
This means that- the quantity T , in the integral T., may be taken constant and 
so taken out of the integration sign. Thus 

^ < „(A_)]. ... (0,50) 

It is also evident from the [fig. 7‘r)] that 

+ ei(A_) = .047 cm, ... (6.5b) 

lor all the three different values of i; fixed upon. VVe have neglected the 
conection on the azimuth limits due to length of the counter slit parallel to the 
magnetic field, which, as mentioned at the end of ?s, should bq applied to those 
electrons D whose e lie between e.i and tu. 1 ‘his correction is, in fact, quite 
small. If we take the two other values of 1/, "C find that the quantity (6.5tt) 
above does not change perceptibly. Thus 

7'3(i7, >/j = i.6x .047 X *}). ... (o.pi 

It has already been shown ill - 4 that the function '/) for different vaiues 

of I] may be obtained by .shifting TAP, *j = o) cnive by an amount ly. 'rims we 



The curves A, H, C correspoiul respectively to { = 0, .4, ,8 cm. 

Fig. 7(0) 

may employ the approximation (4.28) without introducing much error. A 
mentioned in §5, the proper superior limit to D for any particular point (^', »j) 
on the sample plate is D.u- But since the 6 . curve falls extremely steeply for 0 
near jr/2 [c./. fig. 7(c)], is practically equal to 2R,. 'riuis it is clear that 
D must lie in 2Ri in - - -iS) <V < 2R, ()?== + .15) if the electron J) has to enter 
the counter space. If 2K< (»/= “.15) — 2i?i, and 2R, (i/= -f .i5) = 27'ilo, we have 

2Ki = I>i = 23.7 cm., 2 Kb=112=24-7i cm. ... (6.9) 

^ot 2 Ri<D <2Rt (iy= + .15) we have to calculate the area under the 2 \{D, 
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V=o) curve between 2Z'J<(«j=o) and D+ .15 cm. in order to find T(D), whereas for 
j1?T(v= ~ -15) < ZZ < 2Z?2 we have to find the area under the T ,(/), ij*o) curve 



.’4/ Sy^2 ^4^3 £44 I’, J T/U 24 7 


Fig. S 

• 

between D — .15 cm and 2R,(i)=o). For D iii 2 R({’i= + .15) <. D <. 2R1, 
(»)= — .15) we have however to calculate the area under the Ti(D, 71 = 0) curve 
between D — .15 cm and D + .15 cm- In this way, the r(i?) curve has been 
constructed [cf. fig. 8]. This function may be called the transmission factor 
luuction of the spectrometer. Our curve may be compared with the one deduced 
by Lawson and Tyler. We have finally 



fp^m 

mH)= / 

•' Pim 

n{pmplH)dp. 

(6.10) 

where 

pm=D,Hi2, 

pAl-1) = d,h/2. 

(6.11) 


Kquatiou (6.10) is an integral equation which must be solved in order that the 
momentum spectrum may be deduced irom the experimental N(H) curve. 

§ 7. S O H' 'I' I 0 N O V T HU IN T I-; ORAL F, Q U A T 1 O-N 16 lu) 

O I' THF S PE C TR O MF TR R 

To complete the task of this paper we have now to show how the integral 
equation (6.10) may be solved. Lawson and Tyler have givexi an extremely 
elegent way of doing this Their ‘method involves pvacticaliy no labour. The 
best that we can do, thciefoie, is to transcribe their method in our notation. 
This is done in what follows. Since the range p.^) is quite small we may 
develope «(/)) about some point in this range by Taylor’s theorem. We have 
thus 
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nip)>=niP) + \{p-~P) + n(p-Py+ etc, ... (7,1) 

Substituting this in equation (6.10) we get 


..(P)= f(D-D,)TW)dD-f^ /(fl-D.)TmdO-ctc. 





where 

K=i f r(D)dD, 

' Pi 

••• (7.2a) 

and 

(i 

(7.2b) 


Now let D:, be chosen in such a Avay that 

I {D-D,)T{D)dD’>o. ... ( 73 ) 

This equation may be solved graphically and the solution D3 is evidently a 
constant of the spectrometer, like the quantities r> I and Pg. For the transinis- 
•sion factor function, which we have calculated, we obtain 1)3 = 24.1036 cm., 
whereas Law’son and Tyler obtain Dsi= 24.1264 cm. We have finally 

»(P)=^^f /“’(D-C3)’r(£))<i/l-ctc. ... (7.4) 


If /< is small, as is in general the case, the correction term in above 
nc.glccteil, and 


n{P) = 


Nill) 
HK ■ 


may be 


f7-5) 


This method fails when the maximum momentum of the electrons fall 
within the limits y>j and p^. Let be defined by 

— =pmax. ■■■ (7.6a) 

2 

Corresponding P is given by 

P(Hi) = Pi=^- 3 ^* = ^ Nm*. ... (7.6b) 

2 Dg 

Thus for fields H < Hi, the Lawson Tyler method will be applicable on account 
of the fact itiat pmM >p2{fi)’ Consequently the momentum spectrum may 
be built up by the application of formula (7.5) up to Py. On the other hand 
for H > Hi, since f’a(H) > pmux the formula (7.5) is not applicable. According 
to Law'son-Tyler’s calculations 

^3/2 = 12.06320111, 1)9/2 = 12.3 cm. 




fio that 
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Thus the leusth of the tail of incjinenlura spectrum iPi ) over whicli 

tlie Lawson-Tyler nielliod is inapplicable is about i.S% of pmnx. Over this 
tail the integral equation (6. to) takes tlic form 


N {/-/) = 


n{p)TiplH)dp. 

P\in) 


(7-7) 


hot 


11 


- 


(7-R) 


TIk:!! lliu lyawson-Tylcr’s formula (7.^11/ niay he made applicable over this tail 
also, if we ^ive to tlie symbols P, Do,, /\ new ineaninfts. Tims f)3 is to l)e 
delcrnuned as the solution of the equation 


(;j-D;0r(7))dn=o. 


(7.9) 


'I'liis (.<iuatiou niay be solved g raj) Ideally for different values of Dmux and 
]),t v.s. /),„,a curve may be plotted. P will be connected to D3 by the old 
fonnula f7'2b). K will now have tlie meaning 


/ DiWaK 

T(D}dI). ... (7.10) 

* 

I'o coiicliide, we make some remarks about the maximum moinenlum /j^hx 
T liis is determined from the upper limit of the N(H) curve by 


pmiw 


o 


(7-11) 


It is I’.owever very difficult to determino Hmos for generally, unless the source 
strength is very gi'eat, the N{H} curve approaches zero very gradually. Thus 
the observed end jioint is in general different from the true end point 

Hmiix, In fact H'max corrcsjionds to that momentum py for which the 
integral 



n(p)T{D)dp. 


is indistinguishable from zero. Thus in order to determine f),,,,,* more accurately 
it is necessary to increase by increasing the source stieugth,' or to increase 
the transmission factor. If we gradually increase the source strength the 
observed end point H'mo* will gradually increase until after soni? definite 
critical source strength, H'max will remain stationary aj some value, which we 
may take us the true end point. The end point may however be determined 
much more accurately and conveniently with a screen cathode /3-ray spectro- 
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meter (Paper I) on account of the fact that the transmission factor of (his 
spectrometer is of a much higher order of magnitude. 

We have now to show how the positions and the intensities of the homogene' 
ous groups of the conversion electrons may be determined. To do this we must 
remember that the transmission factor function TiD) may also be interpreted 
as proportional to the N{H) curve of a group of electrons of a single momentum. 

Thus if the momentum of any homogeneous group of electronsjbe /> and 
the intensity of this group be I, i.c. if 7 .such electrons be emitted per 
second per unit solid angle, per square cm. of the sample plate, then the Nl/7) 
curve of these electrons will be given by 


N{H) = lT{plH). 

Let Hi, Hs, Ha be defined by 


Hi= 



fh ’ 


H,= 



where Di, T)a have the same meaning as before and is the abscissa correspond- 
injg to which T(D) has the maximum value. Then the A'(77 ) curve starts from 
7.ero at 7f =H, rises to a maximum at 11 = Ih and then falls to zero at 77 = 77j, 
Thus if we can find accurately 77;, and H{Ha), then it is possible to determine p 
and 7. Kvidently it is necessary to distinguish with great precision the N(77) 
curve due to the i8-rays with continuous spectrum from that due to the conversion 
electrons, and this can (luite easily be done in practice. 

An 717 — F ^-ray spectrometer with variable field is under construction in this 
laboratory. It is being planned by Mr. S. Das, M-vSe., in collaboration with the 
writer to study the /3-radiations emitted from Co®® supjilied to us by the courtescy 
of the M.I.T. cyclotron laboratory. The writer wishes to express his thanks 
to Prof. M. N. Saha, D.Sc., F.R.S. for his kind interest in thic progress of this 
work. He thanks also Mr. S. Das, M-Sc. for his kind afssistance in carrying out 
the numerical calculations of this paper, 

Pawi Laboratory of Physics, 

Univbrsity of Calcutta. 


R E P K R E N C R S 

Lawson, J. L. and Tyler, A. W. ^940), Rev. Sci. tnst., 11, 6. 
Saha, A. K. (1944), Proc. Kat. inst. Sci, India, 10, 355. 


7— 1576P— 3 




13 


CAPTURE OF ELECTRONS BY POSITIVE IONS 
WHILE PASSING THROUGH GASES 

By M. N. SAHA* and D, BASU 

abstract. 1 liis work txlciiils that of liriiiUiiiui) tmd Krnini.’r.s on the ifnitiiri,’ of 
flerlron.s by positive ions while passing (In oiijrli nascs Itctailed matlieinatical working i.s 
reported, and it is .shown that eonlrarv to the opinion ,if llrinknian and Kranieis, the 
jirohnljility of capture ot an electron |je the a-paiticlc in the 2/’-()iljit from the Il-atoni becomes 
much larger than that f r the caihure in the is-oihil when the \el .city falls below 2 t.nrc''*)/ h 
h'or small velocities, the ratio goes on incren.siiig 

.An ot-partie'e pa.ssiu,^ till oiigli a gaseous luediiiiii as in a cloud clianiber 
produces a track coiisistiiig of ions formed round elections liberated from tlie 
surrounding gas. It was noticed by Henderson (1023) and Kutlierford (1930) 
that towards the end of the track the phenomenon was more complex. They 
lound that when the velocity had slowed down to a value eomjiarablc to 
’(■«((« = the velocity of the outer electron in the normal level of the H-atom in the 
molecules of the gas through which the ot-iay passe.s) the a-partiele might capture 
an electron and be converted to He', this might again lose its electron on 
collision with matter. 'I'lie phenomenon of alternate loss and captuie may occm 
a large numher of times, hiil ultimately when the particles have siillicienlly 
slowed down, most of them would permanently acquire an electron and be He.'*' 
As He*^ further passes through the gas, it may capture an electron and become 
neutral helium. As it has a velocity of the order of loMo 10" cm. sec."’ it may 
again lo.se an electron by collision with matter. 'I'liis process of alternate loss 
and capture may continue for some more distance till the veheity slows down 
sufficiently and ultimately we get neutral helium atoms. 

'f'his phenomenon occurs at the last cm. of the path of the «-particle .so that 
the experimental technique for its observation is rather difficult. 'I'lie work of 
Kutherford and Henderson was continued on by Jacobsen (1030) who calculated 
the capture and loss cross-section from his own experimental woiks in which the 
motion of a-particles in air and liydrogeii was studied; and lie tried to compare 
his results with the theoretical conclusions of the authors mentioned below, 

'I'he theoretical study of this ijheiiomenon was started l»y howler (19241, 
'ihomas (1927), (Jppeiiheiiiier (uicS) and llrinknian and Kramers (1930). 
Fonder and 'I'homas used entirely classical conceptions and they need not be 
further considered. 'I'he work of Oppenheimer (lOJR) has been criticised by 
Brinkman and Kiainers (1930) as one not free from objection- 'I'he latter 
authors have carried out by tw'o alternative methods the calculations for finding 


* Fellow of the fniHan T’hvsiofll Society, 
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out llic ciiplniv crosS’ Section* They assume that the atom of the gas through 
which the oc-parliclcs pass are hydrogen-like and tJic electrons move in i a- orbits, 
the capture also is assumed to take place in lA-orbits. The results of their cal- 
culations are compaied with the experimental data of Rutherford and Henderson 
and of Jacobsen, and on certain assnm]»tioijs, they are found to be in good agree- 
ment. Brinkman and Kramers (1030) have not, however, calculated the general 
case when the electrons may be moving in any kind of orbit in the atoms 
composing the gaseous medium and can be captured in any orbit by the 
'^■particles. 'I'he restrictions are evidently for the i)iirpose of simidifying the 
calculations, 'fliu laboratory medium mostly consists of nitrogen, oxygen and 
hydrtigen molecules; ihouglj it may Ijc possible to represent the motion of their 
oiileimost electrons l)y proper ^/'-functions, the calculations with such \i'-fuuctions 
may be extremely diflicult, if not altogether impracticable to carry out. But if 
we stick to the approximation of Brinkman and Kramers as far as the traversed 
gaseous molecules are concerned, it is surely feasible to calculate the capture of 
electrons in orbits higher than 1.S- by cx-particlcs. Brinkman and Kramers have 
not carried out this calculation because as they remarked correctly that such cross- 
sections arc likely to be small couiiiared with that of capture in is orbit. They 
have, liowever, given an expression for capture cross-section from lA-orbil to tis 
and vtcc vc'tsa. 

The question of capline of electrons to higher p, d and j orbits by the 
cx- particle, however, acquires a new importance in view of the recent suggestion 
(Saha, 1042) that helium lines occurring in the solar atmosphere may originate 
in this way : T'he problem of occurrence of helium lines in the sun has been for 
long a challenge to astro-physicists. It is well-known that none of the He-lines 
are found in the Fraunhofer absoriition spectrum of the sun. This is as cxi)ected 
because at the Icmpeialure jn'evailing in the sun, He can exist only in normal 
state and as wc know the alisorptiun lines of normal helium are in the region 
A5(S4A to A500A, we caiiiiol expect to observe them. The visible lines of He 
are all due to the excited stales and the lowest of these stales has is 2s ''Si an 
excitation ])otcntiiil of nearly 40.55 volts, which is not possible to have in an 
atmosphere having a temperature of 6000- 7000'’ K. But when we turn to the 
spectrum of the chromosi)hcrc, we find that the visible lines of neutral helium 
arc extremely strong, even the well-known line of ionised helium A4686A is 
found to occur in it. This is rather an unexpected phenomenon, because this 
line has oti excitation potential of nearly 75.25 volts, while the ordinary excita" 
lion in the chromosphere is o to 14 volts. There arc certain other anomalous 
features in the occurrence of these lines, livershed first noticed that the intensity 
of the He-lines appears to vanish iifar the limb and they are prominent only at 
some distance. This phenomenon has been more systematically studied by 
Perepelkin and Melnikov (1035) and Pannekock and Minnaert (1928); the results 
obtained by the fust mentioned authors on the variation of intensity of well-known 
D-rliitc of helium is given in fig (i). It is seen that tlie line tends to vanish at the 
limb and attains its maximum intensity at a height of 2500 km. and beyond that 
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it tends to vanish, though it can be traced to 7500 km. The ionised line 
A4686 occurs in the lower chromosphere ui) loa height of 2000 km, only. These 
facts are rather in sharp contradiction to the ionisation lljcuries as ue move u[^ in 
the solar atmosphere. 



Kinission of icc. of Helium chroniospherc in D.^-lijic in ergs 
per second and solid angle 

'riiis phenomenon will probably receive a ready explanation if, as already 
suggested (Salia, it is assumed that the helium is not an ordinary consti- 

tuent of the solar atmosphere; it is taken that due to some nuclear jirocess, 
ot“Particles are being constantly generated throughout the solar body and some of 
them (luite near the limb. We need not specify the particular nuclear reaction 
responsible for the generation of the cx-particles as we can make o\ir choice from 
a host of laboratory experiments. Tt is well-known that (X-particles spontaneously 
emitted in radioactive disintegration have velocities of the order 6r(X to ioc(X 
(energy 4 MV to loMV). 

It is clear that when such cx-parliclcs pass through the solai ntmosphere, they 
will, during the first part of the motion, go on ionizing the .solar gases (ionisa- 
tion by collision), and losing energy; when they Jiave suRicienlly slowed down, 
they will begin to capture electrons in different orbits i.v, 2^, 3d, ms, mp, ami 
md. When the electron is captured in any orbit higher than is, we have an 
excited He'^-atoiii which will emit a characteristic spectral line and i evert back to 
a lower state. Most of these lines lie in the extreme ultra-violet, and the only one 

of He^ -line available lor observation is >.2 "" . n J* 1 he capture 

takes place in any one of the 4/» 4^ 4/^j 4^^ orbit and the line is emitted when 

the electron jumps back to any one of the P» ^ or 1 fits. All other lines of lie 
are outside the limit of experimental observation. This discussion brings out the 
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necessity uf calculating the cj uss-seclions for the capture of electrons in orbitf? 
higher than is. 'I'his has been atteinpled in tlie following sections. We have 
supposed that the solar gas through whicli the 'X-particles pass is entirely com- 
posed of hydrogen atoms. This very nearly repiesents the current idea according 
to which hydrogen forms more lhan qo% of the solar atmosphere. 

When w'e turn to the next prohlcni of occurrence of He-lines in the solar 
cluoniosidiere the mathematical difTicuUies considerably increase. We cannot 
represent the field of Ile"^ as even appioxiniately coulombian and hence w-e must 
resort to very ('omj)licated calculations wliich liave been used by Hylleras 
bjr fiiidiug (mt the ITe-lenns and their transition probabilities. 
This lias not yet been done, but if lime peiniits it will form the subject ol a 
discussion in another i>apcr. 

'rhe procedure which we have followed in the calculation of capture of 
electron from i.v- to 2/>-orbit is .similar to the second method as adopted by 
Brinkman and Kramers in their parallel calculation of ks- to T.s-capturc. One 
must bear in mind that the method holds good only when (i) the gaseous mole- 
cules of the ineditiiii can be regarded as stationary during and after collision and 
w'hen (j) the velocity of the cx-particle is large compaied to (Cx. 

()l)vif)usly these limitations pul severe restrictions to the ai)plication of the 
results of tin following caU'ulation to solar plieiiomena. The first limitation 
means that the molecules oi atoms must he very heavy compared to the £X-particle; 
this IS far from being the case with hydrogen atoms. The second one has 
been noted by all workers, bul no alternative method lias been put forward. It 
has been suggested that calculations of the Horn apiuoximation to second or^Jer 
may he carried onL, bul in view' of past experience the suggestion liocs not 
appear very ptumising. 

Ill spile of these limitations, w e liave proceeded with the calculations. In 
view of the fact that vve have followed closely the method of Brinkman and 
Kramers, it is found useful fo rewrite the essential steps of the above authors in 
the first part of this papei. That w'ill he of help to appreciate the extension we 
have made of their method. 

We suppose that llie charged particle (a-particle here) having the mass M 
and the charge Z'c moves past the atom K wdiicli has the mass Mi/ and the 
effective charge Zt- I'wdlhout the electron). 'Vhc type uf collision that we propose 
to study here is the following one: Initially we have an electron moving in the 
ticld of tile atom, bul after collision the same electron is captured by the a^parlicle 
in any one of its orbits. The reaction may be schematically rciiresented as 
follows: 

K + lle^'^ - K H He" 

\lS\q-b lu, Zc) ‘M, '.2c) fMg.Z(’) (M + a/, 2c) 

r — ♦ <' 

To simplify calculation it is further assumed that Mq is so heavy that its nucleus 
icmains at rest before and after collision. 

Let K, cx and c lepreseut respectively the atom, the cx-particle and the electron 
w'hich in the beginning of the process belongs to K, and at the end is captured 
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by the a-particle. 
the axis of X, the 


U'c furthci- choose the directiou of motion of the a-particIe as 
perpendicular from the centre of the atom to the direction of 



motion as the Y-axis and Z is perpendicular to both. The quantities that will 
frequently occur arc 

/>, collision iiaruuictcr. 

R, radius vector from a-jiarticlc to electron. 

I, radius vector from the centre of the atom to electron. 

Let us sujipose that the a-particle is movinj.; uilh velocity V. and in time /-o, it 
is at the origin of the co-ordinate system. '1 hen we have at any instant of time 

R = r-p-Vt (j, 

'^Phe total cross-.section i'oi such type of collision is 


(J = j 2np b'^dp 

o 

where b according to the perturbation theory is given by 

lb _ ff , 


// dll 

27r/ di 


(2j 

^3) 


Now V'i is the wave function of the electron as attached to the atom in the initial 
state, while V'/ is the wave function of the .'■anie as attached to the a-particle in 
the final state. It is easy to see that rl// consists of two parts : 


h o.h X i>f, ir 


where i^j, is the ordinary i/'-functiou due to the orbital motion of the captured 
electron round the a-particle and is due to the translation motion of the 
electron which it shares Iiecause of its being attached to the moving a-particle, 
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I'or the case of is to i .v-capture, we have the '/'-functions; — 


^1, )» = 


— i'Xp \ -zmvot [ 
t ffs ■' 


f R , , , 3>r( (xf 2ni niV^i 1 , , > 

- -2»riv/-l- - m(V.r)- J (4b) 

I a.,e /; 2 J 

where /n'o^enerKy of the electron attached to the atom in the i.s-orbil, 

In' —energy of the same attaclied to a-particlc in the i.v-orbil. 

1 1 ^ 

(I'^-alz, Unn-alz', where a is the Hohr-radius=— J , c-cliarge on atom and 

c'-charge on <x-i)article = 2; r;' is retained for the sake of uniformity of notation. 
Substitution of (4) in (3) gives us : 


fc\l^ I - ' -^TTiUr, r)~-A_\ (iTr.dr, (5) 

zm (ii 7r(cijiuc) J ^ a z ctm ' 


vvlicre 


, mY 

= — , and <r=: — 

2 h 11 


To evaluate (5), use lias been made of the following Fourier-integral 
li ^ it J J 1 .'[t: ^ 

where Q is any arbitrary vector liaving the dimension of i/I<engtlw 


Wc have 


(q.R)=-,j,Vl-</^f>-i-(q.r), 


then we may rewrite (5) as 

h <fl) Sc* A fi \1 


Ki o-> -- .r‘ dr sm 6 dOJfdq 'g' 

J (t/"nc.) + 4’f'(?“ 

Integration with respect to '/' gives 11s the well-knovm <i-function of Dirac 
{vide, Dirac, Quantum Mechanics iTC);,5), ji. 72), 


- . I>=r- 

2«rt (a 


Se^ I ffi{/3 
'.'llmY'l-VJ 


H 0 l\' - qx}cxp{- 1 [a , + cos 0-2nit>.q„\ 

(i/a^ )+4n^q^ 

X r^dr sin BdBdp.dq (10) 
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■riie integration with respect to q, follows from the properties of the ^-function 


— b = 

2fti (a? a, I 


3 -¥t 77 ; iT \ J 

' ^ ^ (J )+ 4 n'“’i/® 

X r^dr sin 0 df)d<l>.dqydq; | 


Integrating with respect to 6, 0, r, we have 
/i (>4nc'- 


=/3/v 


-’ffi Y 






(n) 


(12) 


From the energy-principle, the two factois in tlie denominator are equal 
ividr appendix i). Hence 


h . _ 047:0 


ici 


T r 

aX r- Vjf/i/nJ. 

^4^^*"* j 3 1 t '.vpf ~ iyf> 

] aiJo yl'‘‘ Y 1 6 J ig'^ + y ■ 


eA-p{-27r((/„/i> dqf dq. 

) + 4 ’f"‘^'{ (li^iY-) -I I/p + (jH 1'^’ 


(13) 

(14) 


where 


or 


where 


. 4 ’r®/ 8 ^ 


.r = 2'^^/io S^= \ +‘ 

‘*UB ▼ 


_ 2^.7rc'-‘ ^ ( }_ ^ 4 ’’’^/^^ .2t- / \ 


K,(.v) = l,n, H,:(r.vp{/r/2>A ), 


V = l^fr 


(15) 


H,, being the Hankel function of the first kind (Copson, 1933). Substituting 
this value of | h in (2), we have 


Q=rV- 

fn 'In 


2\n-^e* 




[alaSr )''== ■ h“Vn a‘i V<‘ 




2 1 


y'h 

ayk ^ rtf ^ ”'V^’ ) appendix 3). (161 


5fa?.anp ) ■ /i®V 

Replacing the value of / 3 , and after some calculation, we have 






2a, i af 


tdjr^ir*'* 


Putting V = cas we obtain after some reduction 


, 20 ,„ 2 , 5,/3 


Q == + b + z')*H.v“ + (2 - c')"'}]- * 

5 


(i7> 


(18) 


This is the formula given by Brinkman and Kramers for capture from ia to 
is-orbits . 
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§ :j. C A V P u k U I N r H H 2 /^ ^ ( ) R lU T 

Jyel us now proceed witli the calculation of the crosS'Scctioii foi the capture 
of the elecUoii from i.s lo 2f> -oil jits. The V^-lunctioii for the initial 1.9-orbit is 
the same as before, 'bhe li'-l unction for the 2/j-orbit is now triple, corres” 
ponding to the iiiayiielic^ quantuin iiumliers »/ — n, f i. We have 




I 


4 77(1!-* 


u 

a,„j 


v.xh 


— iinii'i — - . + • ( Y.r) 

h 2 h 


( VOS^ 

J v/1 ( 

bsin ^cxl>{ ± f(p}\ 


( 1 L) ) 

'J he n[)pcr one is foi’ = tlie lower for ni^ i 1. 

Here dMlenote the ])olar an,*-Ues nl the election wilJi reference to the 

txqjarticle as orij^in. But in shifliim the ori^iin to tlie nucleus k which, in our 

apiiroxiination, is at rest, tlie uew^ aisles and <p are connected with and </* in 

the fobowinj^ way 

k cos = ( r cos 0 — V i ) , R sin & exp { H- /d» } — ( ? sin 0 ca p{ ± i(l^ p) < 20 ) 


The h'ourierdntei^i'a* heie takes the form 


1 

R 


CApi -R/bUfrifc} - 


iie • 




( i-y>{ /Xq.R) ffVq 

I 'A ’J, *•> 


Wc obtain as before 




// db__ . I ^7 

“ / r C \ /m 27 r/ V 

ATti dl ‘ 




exp I ^ 1 i:o\A 0 — 7 :ipi],, j 

{ \ + a? 4 - (/?) 


1 




i\\:p rsin Oiq^^xos </> + q^.sm <li)}dv,d(i' 


[t cos 0 — Vl)j s/ : 


((rsin 0 cAp{ ±i(p} — p) ^ 2 . 

Integratin.u with respect to /, with the aid of Dirac's delta-functions, we 
have 


h , __ 

- 0 


where 

P(r, q:,q!fQj 


vj.. 


dvdql^^ii, Qx, q«, gd 




(’.v/>-|— ' + — <ry rcos?; — 7ri7'(j» + n-/Tsin f^(g„cos^>+ q, siu 0)| 


\ 4 ;r-(g.? + g| + g?) 
4a, fe 


(34) 
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Integrating with respect to 9,, we have 


h . e® 

_ . ^ 

3 V 2 a 2 .a/’ 




t/„, (/ J; COb O.iiV 


~ / 2 — /':)7V, Ijiy, i/Jt/r jj(j„ . (^5) 


Here denotes differentiation of with respect to q, and the substilnlioii of 
I 3 ;\ for q,ri2. (^n simplification 

' V’ 1 "“^ 2 - 7 / ^-rr ) ; cos tv I 

I ~ y 1 ’ r/ ’ \ V / “"//»(//, /f cos (0 ) 

liV \/ 2 a‘:a[' 


where 




sin (/(/* t/g„ tie], (26) 


C — T7I sin f sin 


V^tan^Mij //jj. 


Siniilarlv 


. UI e J. 

<'m-±l —r^hV 


i f v/> I i - "•)» COS f’- ;ri/'(j„ ] 

'V*^ r ,r- ) 

' -1 hie V 




l-/’.\/’)n' cos(A- ,\)l.)j sin .\ /'( + /</>) — /<( /-,// srii f> ill/ ii<l' 
The integration of (36&,27) v\itli rtS|KCt to f/>, gives us 

r>iM.(,— -* 




\ J 


Jn(A' sin sin OiHUIq „dtj ^ ( 2 S) 


hni - + 1 ' — 




\/ a i a 


s,,r. liV 


exp I •■- ^ — 27r/^^^ COi^ Tripq 

{ ^2 ■* ■ 1 "’^ V«' + 


ipqv ( 


X T®dr sin S d 6 dq,,dqi. { rsin ^ ' Ji(A’ sin .v/>' + (,\) -• j' Jo (A- sin A*) } (.>ti) 
A similar integration with respect to A/ gives us 


J eAp •( ■"— ~7tipq„ (■ sin in 

I a , I , 

- •j-dr-i 

r I a. ‘i( a 4. 2iP " 


■‘iqp dq , (30) 


2— I576P — 4 
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, .1 T / Sin m 

exp i — I I — —cos nr 

I <tr I \ nr 


exp{-tripqy\ 


4 «i:c V 


dr dqy dq^ (31) 


where 




l= 27 l(^!^ ~'r^, ))l = n-v'g? + g? 


Integrating with respect to r, we have 

1, _32»r''’<'“^/V 



hV 


txp\ - 7 ripq„}dqy dq. 


+4'^^^, + 'r2(g-^ + g2) j ^ +;r2f^2 + g2)| 


-—2 (33) 


=_ 4 !£: f 


V <1 V fl 


r.:r. /iV 


• 4 , , 


r:v ipqj , } flf g „ dg ; 

„ I .'F'f.v + ^ gV) 


41))/ <M/){ix) p I 


It is easy to deduce fiom tlie law of coiiservatioii of energy that the two 
factors in the denominator are egual ; / c., 

Making use of this relation, and integrating with lespect to g,, and q,, we have 

. _ 2 n 2ir;3/V c'^ St' ^ i 1 

3 (2ir? hV 


h„., ^ 

3 (aUi;;^)^ h\ 


where. 




' =Pfi- 


Substituting the above values in exjnession (2) we obtain 


O - 

Wm-o ,y 


W/V)5 f‘ .-l.f" 

3 » J 


r\ 


/•« 
•/ 0 


.r^d.v{K 2 ( 4 }® 
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The general method to work out this type of integrals has l)eeii given in 
appendix 3. We have finally 


Q 7 rH 2 nfifY)^ e* [ 1 . 

3-7 * a? a«o ■iiW‘L4a2^ V“J 


3-7 

Reducing still further, we have finally 


QmiaU — 


2’” »ra2.=V^..l“.[.S-2 + „2_(vL'/_^)|2 

" 7 ’ TP + iz+z'l2)H{s^ + (s- 7/2)2} r 


Qme 1 


,17 


TTcl 




3-7 ' l{^'^ + (2 + r'/2)-} {.s-‘'' + (2-2'/2)-}J'' 



logio» 


kic. 3 


(38) 


(39) 

(40) 


O I vS C U S S I (i N 

kfct US first compare the relative values of the diffeient cross-section. Mle 
have for z'—-2 and z=i. 

Q2f>„, = 4-1 2- ^ t vv hen .s is large, 

^ - when .s is small. 

3‘’> 

This shows that the probability of capture is much larger from :s to ( 2 p),«M> 

than from is to {zpU.j r, except when s«i- 
Let us next compare ^is' 
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D <.V*^ 4- -f l )’*" 

Qjs 7 . s ^( a -'^+ 4 )' 


for the case 3' = 2 aud 3—1. 


n/OiA == 5<'“’-53 ty.77 5 _ 3 09 J‘30 0.66 0.24 

h'or A — i.n r.25 1-5 J.75 2-5 3.0 .1 o 

We thus obtain that for ,:=i and .:' = 2, the capture cross-section 
though small compared to Qis, when is no longer so when ,s' continues 

to fall. 

At V — 2, /.(*., vvlien the a*particlc has twice the velocity which the captured 
electron would have in its orbit, the ratio is nearly three times and lower velo- 
cities it assumes a far higher value. Though there is sonic doubt whether these 
caloululions can apjjly when becomes small, it ap[)eaiS that the probability of 
capture in excited stales increases rapidly with diminishing .s, i.c., towards the 
end of its path the charged particle would mostl}^ be captmiiig the electron in 
the liigher labils. 'I'liis is quite coiitiary to the view of Hriiikmaii and Kramers 
that the ca])ture [iiobability in tlic higher orbits is negligible compared to that 
in the Ji’-orbit. 

We have not yet been able to hnish oui calculation for capture in ns or 
higher nd 01 nj orbits. These will be taken up in a later paper. 


'I'o prove 


we have 


where 


APIMCNDIX 1 


(Iz 



a ^1 

(fub 


-2 


V“ 




-I 


2 h 


h 

S7r*/;/a,’ 


On substitution 


wlicre as usual 



or 


fl? "mo \V 
Hence follows the result. 



APPENDIX 2 
1 1 = y cIBcos 9 


The integral 
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vvc have on putting the standard form of Jo, 

' ‘ 0 

I'd), 
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1 


(tu !)* 

^^sin/B2+T“ 

The integral I ■^, ~ / ^ivi t'i»s 0 Ji(A' sin df* 

(I 

Lei us take the integral Lj= ^ c'B'oso j„(/.. sin W) sin 0 cos « dO and integrate the 

U 

above hy parts ; we have 

Ijj z= r^tii oj.s 0 sill 0 Ji {k sill t>)J I- j f*'>* « Jo(^A' sin d] sin'ty dO 

'I'he first term vanishes and it can he easily shown lliat 

1 dll 


1.2 - 


1 dB ’ 


so we have 


T ..... - A4ii = 3h. J - cos V jV'^ + k'^ 1 

•' BdB B=‘+fe= I ^ 


2\P1'ENDIX 3 

The evaluation of the inte^<rals of the general type f V''-(K.- (Alin'd A is due to 

0 

Dr. F. C. Auluck of the Delhi University to whom we express our thanks. 

1,,,=. rV'‘d.v{KK(A-t>‘^= px‘'du J* '"'cos V/ COB H'dldi'. 

0 1 ) (» 0 

Further the iiuegral on the right hand side is thn coefficient of (- !) 

in the integral 

J_ f J J ' cos 1 '^ cos 1 '/' 

0 0 0 
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— f f — — -di dt' (on integraiioii with resjxict to a:) 
J J a + cosli < + cosh /' 

= J r r . + 

J J a 2 cosh (/. + i^) 1 2 cosh it - t^)j 2 


If we put 


i + V — 2 X 
/ — /'= 2 :v 


we get 


- C f cosh 2vx + cosh2vv . , 

-If - -- ’dA; dy 

J J fl + 2 cosh X cosh y 


cosh 2 va 
rt + 2 cosh X cosh : 


.T o 0 tf tt 0 

, r* r® cosh 2 1* A' d xdy 
~ J J a + 2 cosh a: cosh y 


dAdv + afr -- -r-'- , dxdy 
y J J a H- 2 cosh x cosh v 


ft ^0 ^ 0 


T*0 ftaQ 


-f 

J --0 


^ cosh 2VX 2 cosh x-tii cosh v , 

V 4 cosli A - (r a i* 2 cosh .r cosh :v 


w = 0 


assuming a < 2. 


cosh 2 Va‘ 
^^4 COS 


cos ^ 


j cosir^.v — 2 cosh A 


dx 


lixpandiiig 


. , ij *> and cos ^ — in scries 

V 4 cosh - rt ^ 2 cosh A* 


J _ cosh 2VA I” JT __ _a_ TT I 


a’' 


cosh A L 2 2 cosh A ^ 2 2 ! (2 cosh 3 ! (2 cosh a)* 


n 


2 ^ 4 ” 


2 4 ! (2 cosh a)* 5 ! (2 cosh a)^ 

^ ^ fl- "1 

6 ! (2 cosh a) '* 7 I (2 cosh a) ' J 

Hence for nt ^ 4 

Im= px'^dx j cosh Vi c-osh Vi' di di' 


2**.4®.6®. . . .(nr 




cosh 2 V.V 
cosh*"* ' .v; 


dA' if III is 0(1(1 


" 3®. 5*- i)“ f°° cosh 2VX 

a' ■ '2'" 


/ * Cuau ^yx , 

co,h'"i :« '' 
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The cdscs thcit coDcem vis sve foT v—2 iitid ^**3* F'or the cici^ression 

under the integral may be written as 

J cosh '.r m(m — 2j J 


From which follows 

21^ = 315^2^ 

J56 

*I . =iV‘-i75_2 

"1 I > 

Similarly for 1=3 


’‘Ir. 


A 

2 ' 




s| ^^3 

*7 
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NOTE ON THE EMISSION BANDS OF THE SILVER 
IODIDE MOLECULE 

By C. RAMA SASTRY and K. R. RAO* 

ABSTRACT. ’Mic .silver iodkli; bands ait- oblaimd in ciiii.s.siini n.sing n hi^'h frequenc' 
oscillatory elcrtrodolc.ss discharge, through the vapour coiitfdncd in a quart? tube The com- 
plete hand .system is obtained. The stronger bunds form the progu-ssion |o, \"). The intcji- 
•sity distribution of thc.se bands in emission i.s compared with that in ab.sorption and 
flnore.scence. 


I N T R () I) F C T I ft N 

Tlie band s])ectra of the halides of silver were first investigated by Kiank 
and Kuliu (1927) in absorption and nuorescence. The complete vibrational 
analysis of the Itands was due to Brice (10^0 and 19.11) "ho [diotographed the 
b.inds in absoi'iition at temperatures hightM- than those obtained by Frank and 
Ivuhn. Characteristic bauds of the three molecules AgCl, AgBr and Agl are 
found in the vicinity of the resonance line of the silver atom at about A3.300. 
In addition to these main systems, absorption bands were reported in the further 
ultra-violet for AgCl at A 2,100 by Jenkins and Rochester <19.17) and for Agl at 
A 2250 by Metropolis (lu.io). having the respective common gionnd states. 

In emission, only in AgCl was the main system leported (mention has 
been made by Brice of emission bauds in AgBr also) by Brice who used a high 
voltage discharge in hydrogen at reduced pressuve between silver electrodes 
containing the fused salt. The purpose of the present note is to describe the 
results of experiineuts performed to excite the bands of silver iodide in emission 
which do not appear to have been hitherto done, and particularly to record the 
differences in the intensity distribution among the bands as excited by the 
various methods, i.c-, fluorescence, absorption and emission. 

H X 1> K R I M R N T A F 

Two different sources of excitation are used in this investi.galion. One is 
the ordinary uncondensed discharge from a quaitcr K.W. transformer giving 
20,000 volts in the secondary and the olhei is a specially constructed low power 
high frequency oscillatory discharge between external electrodes. The silver 
iodide is heated to about 700“^ C in quartz discharge tube provided with sealed- 
in quartz end-on vviudows. The bauds were found to be better developed in the 
high frequency discharge. Hilger medium quartz spectrograph was employed 
giving exposures of one to two hours. 


Fellow of the Indian Physical Societ.i . 



Efiiissioji Bands oj Silver Iodide tnoleculc I i7 

R n S V L T s 

J lie bciuds obtained on out plates are diffuse mid isotope effects are not 
lesolved but approximate nieasiiremeiits could be made and the Ixincl system 
definitely identified with that of Agl as obtained by h'rmik and Kuhn, 
and by Brice uiider dilTerent conditions. I'lie followinR table contains tlie 
wavenumbers of all the bands fAgl given by Brice (1931*). Columns 
2 and 3 ^ive the band heads obtained by hrank and Kuhn in flourescencc 
and absorption at about Soo C. Lolumn four contains bands measuied 
by Brice in absoriition at temperature higher than Soo" C. The last 
column gives the intensities of the bands as octained in emission, in the present 
woik. It would be seen that the systimi is excited only partially in alisorplioii 
and in finorescence while it apiiears completely in emission, 'i'lie distribution 
of intensity among the bands in emission is similar to that in lluorescencc, the 
strongei bands forming the progression (o, v")^ In absorption, on the other 
hand, as might be expectud from the differences in the tempcralnre of the 
vapour, Kiank and Kuhn olitaincd only the bands involving the lower <iuantuiii 
numbers while Brice could measure only tht^se having higher vilirational quan- 
tum numbers. When represented on a diagonal array the intensities in emission 
gave a wide Condon parabola with only one arm strongly developed, which 
appears to be a general characteristic of bands of several iodide iiiolccnles. 
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ON THE THEORY OF DIFFUSION PUMP 

By KAMALESH RAY and NANDA DULAL SENGUPTA 

ABSTRACT. AttLinpl has Iicfii made, in Ibi'. paper for an explanation of the successful 
funi'lioning of the ditfnsion pninp and exj)crinn‘nls have been carried out in support of the 
iheorv. It ha.s been ((bserved that the partial pressure tif the vapour of the pump filling in the 
vacuiini chamlier is niiicli less than the vapour jires.siire of the (illings, which directly show.s 
that the ultimate vacuum is independent of (he vajionr pressure of the filling. The ultimate 
vneimm, however; depends upon ttie degree of baek.sti earning at the jet, chiefly due (o the 
imperfection of jet design. I'urther exjieriments have been done, which demonstrates the 
independence of partial pre.s.sure of air in vacuum chamber on the nature of pump filling The 
exTiInnalion of the working of multi-nozzle pump i.s .suggested to be due to the gradual freeing 
of the oil in .successive compartments from air contaminalion and also due to the more perfect 
fitieam-line flow of vapour in the upper jet 

1 NTR ODTICTTON 

The stage of perfection which the tcclinitiiie of diffusion pninp has attained 
after thirty years of its invention hy (laedc (it)i6) can give ns today a vacuum 
which is well beyond the present niea.suring tcchnitpie. The niaximntn vacutim 
which has been produced by Hickinau (i()|o) passed the range of the ioiijy.ation 
gauge and is claimed to be in the region of 10“^'’ mm. of mercury. 

Despite the great advances in the technique of production of high vaemun 
by diffusion ptuiips, the mechanism of pumping is not yet understood very 
■ clearly, and a good deal of controver.sies remain on the basic question on the 
|>hysical incehanism of the pumping process and the ultimate vacuum attainable 
by a diffusion pump. The choice of pump fluid attracted the attention of various 
workers in high vacuum technique, and mercury was recognised to be the ideal 
fluid for a long time until of late petroleum distillate oils (Apiezoii types) and 
more recently synthetic oils (phthalates) have come to be used as suitable pump 
fluids. 

The major question has been the dependence of the ultimate vacuum on the 
vapour iiressure of the pump fluids. Some have held that the nltimatc vacuum 
produced by a dilTusion pump deiteiuls upon the vapour picssnre of the fluid 
at the room Icmperature. bor instance, Hickman reported that a mercury 
diffusion pump cannot get a vacuum better than the vapoui pressure of mercury, 
without a trap. “ It has been a^isumed since 1015 that the lowest pressure that 
can be attained by a vapour pump should corrc.'jpond with the vapour pressure 
of the working fluid in the coldest part of the high vacuum side of the system. 
With mercury on a summer day, and in absence of a special cooling trap, this 
proves to be about 5 x io~ * mm., agreeing well with theory." 
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On the other hand Gaede showed that even water can be used as a diffusion 
pump fluid. He was able to reduce the pressure from atmosphere down to 
15 mm. of mercury by the use of a water diffusion puin]i, without the help of any 
backing pump. Backed by a u ater jet [)umi) a tlirce-slage water diffusion pump 
could produce X*iay vacuum, burthor, we have the lollowiniL’ quotation due to 
I^raiigniuir (1916). Main ice I-^eblanc showed that it is possible to get a vacuum 
of the order of i min. of mercury iu the condenser of a steam engine by using 
a steam injector. 1 he vapour pressures of water at room temperatures 
of 10'", 2i>" ami 30X are g.2, 17.0 and 31.8 inm. respectively. 

If it IS accepted that mercury diffusion pump cannot produce a vacuum 
better than the vapour pressure of mercury at room temperature (1.6 
nun. at 20" C», one is confronted with the question as to lunv a mercury 
diffusion pump is siucessfully employed in laboratories to generate X-iays 
without any cold trap. Langmuir (userved that theie is no lower limit to wdiich 
the pressure may be reduced by the diffusion pumps. 

Discussing the question of ultimate vaeimm attainable by a diffusion lumip 
Newman (1925) expressed the view that not only the vapour jiressure ot mercuiy 
itself, but also the partial pressure of air contain inaled with the mercuiy va])our 
jet was of primary iinpoTlauee. “ Although the mercury vapour pressure may be 
a thousand limes greater than the air pressure, the latter is contimiously exhaust- 
ed, due to the fact that diffusion of the gas de[)encls solely on the lalio of Die 
iHiriial pressures of the gas, and not the (oiiil pressure of the vaiKiiir and gas. 
When the partial pressures are equal, ditTusioii ceases, but, as hmg as the stream 
of vapour is free from air, diffusion will not cease until the receiver is also free 
from air, and, as it is quite easy to produce a stream of air free vapour, the 
highest vacuum c:au be attained by this method ; in fact, a perfect vacuum 
should, theoretically j be attained. *' The italics are given by the author himself 
in the book. 


Speed of Suciiou 


If we exauiiuc the torimilae used for the diffusion pump we find that they 
give only the speed of suction in relation to diffusion aperture, tube resistance, 
etc. 


According to t^acdc’s formula, the speed of suction is given by 

(// / 2r}j 


(l) 


where t = radius of the vacuum connecting line, or the diffusion aperture. 


/=^length of the line. 

P] = vapour pressure of pump fluid al the jet. 

= ' friction ' of gas (air) against the connecting line. 
tj.j- ' friction ' of the vajiour against the tube. 
ii=» constant of gas diffusion. 



140 


K, Ray and N. D. Sengupta 


The equation suggests that, when other cunclitions are I he same, the speed of 
pumping is higher for the lower vapour pressure (P| ) of the fluid. The pumping 
action, according to this ffirmula is coiitiiiuouh and asymptotic, and docs not set 
any alnupt limit to it, 

The formula, however, is comi)licaled due to the factor containing the 
gaseous frictions and has not such a handy form as to admit of t>ractical appiica- 
cation. The moie practical form now generally used is derived from the 
consideration of diflusion of gas through an ai)erlure. and be the 

immbcT of molecules of a gas per unit volume on the two sides of the apeilurc, 
If] and If-ji their respective pressures, P| and Pj their respective densities 
(Po “ tiynj and — ffi the mass of each molecule, c the average velocity, 

the mass fi which passes through jjci unit area of the apeiture per second is 
equal to the clilTereiice in masses wliicli cross it both ways. 


Tims, 

in 1 jj/r 


-1 <(Pl“P<2) 

SijKv 

1-- aml.= 

RT V ,j]M 

VVe liavi' 

„ _ , . /.SRT M , , 


— U'\ ' /'“i) a/ -- • 

' _>/r RT 


Jf w'e assume that is to say that llie gas at /*j is diflusiug into a space 

with perfect vacuum we have 


/-/-a a/ 

^ RT 


(3) 


But the mass of gas has its volume v under a pressure /’j given by 


So that 


V = — and P I = ]i 1 

Pi ' RT ^ * 




1 V — ,:77 


V 




( 4 > 


Taking R = S.^^xio7, T==^room temp. 300 K, and M = 2c) for aii w’e have 
the volume of escape of air by diffusion 

= 1 r./ litres per second per unit aperture 
For a diflusiou aperture A the rale of escape may be given by 

= 11. 7 A litres per second 


(5) 
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For a diffusion pump, the diffusion aperture is taken for the annular aperture 
(‘ neck ’) round tlie vapour ict, through which the air is ‘ sucked.' Tlu practical 
luiniping speed, however, usually about i , e or i,'3 of the calculated speed, and 
thki factor is sometimes Isiiown as the Ho coeflicieiil (Ho, 

The essential point in this equation (4 or 5) also is the fact that it does not 
Set any limit to the pumping: action, and that it does iiol take into account the 
vapour pressure of the pump fluid. 

We need a more critical analysis of this formula to justify its applicability, 
for a major objection ini^lil arise on the question that it has been assutned that 
the air is diffusing freely into a vacuum through tlie aperture, whereas we know 
that the space below the diffusion aperture contains coi)ious \'apour of the fluid 
and other gases (c.^c- air) and we have set — o iii equation (2- to gel (3), 

As a matter of fact we shall see that these are just the criteria for a i)erfect 
diffusion pump. In order that air may be 'sucked out’ v\e shall have to provide 
a space with vacuum or lower pressure so that the air from the receivei may 
diffuse out. The vapoin jet, if well designed, gives a stream of vapour all in the 
forward direction so that it has no component 111 the direction of the aperture* 
The 'pre,ssurc' of the jet is therefore 'zero’ in ihc clncclion of the aperture, and 
hence it justifies putting /'o — o. Physically, the jet makes all the molecules (of 
vai»our, air coiilainiiialion, etc., from the jet) move away fiom thea])erture so that 
diffusion takes piuce one way only, and whale\xr air molecules diffuse down into 
the vapour stream are caught and knocked on forward down to the barking 
pump. 

Vfiimalc Vacui 4 nt 

If all the vapour particles of the jet stream move in i>erfect stream line 
away from the diffusion aperture, air from the receiver would escape freely as 
indicated in equation (5). 'I'liis would theoretically lead to any vacuum provided 
that sufficient time is allowed. But it is not possible to have a perfect jet (one 
not giving rise to turbulence), so that there is always a small fraction of vapour, 
mixed up with air, diffusing back through the neck of the pump. 

The back-escape occurs not only due to the iiiiperfeclion of the jet design, 
but also due to the pressure condition and condensation of the vaj)onr below the 
jet. This is wh\' a low va[)Ourq)ressurc fluid would be preferable in cjrder to 
avoid the accuniulation of ]>ressute and creation of turbulence in the body of the 
pump. 

'baking back-diffusion into consideration the mass rate of escape through the 
neck would be given by 

ly — la 1 7?/C — v) 

number of molecules of air per unit volume of the 
air above the neck (or receiver). 


where 
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« j = the same for back-escaped air, and those with sub- 
script V are those for back diffused vapour. 

We can omit the terms for the vapour as the vapour molecules can be removed 
by cold or charcoal traps. It is the back-escaped air which affects the vacuum 
really. Thus, considering the air on either side of the neck vve find tliat the 
pumping action ceases when the partial densities or pressure of the gas equalise 
on either side (assuming uniform temperature at the neck). The amount of the 
back-escaped air dcj)ends upon several factors and does not necessarily equal the 
partial pressure of the oil vapour at the jet. In fact the pressure of the oil vapour 
would affect the vacuam. As the initial amount of air contamination, i.c., partial 
inessure of vaj^our of the jet is difficult to measure, the difference is demonstrated 
indirectly. The vai>our, for instance, does not manifest fully in the back diffusion. 
In an experiment with a mercury diffusion pump (Tal)le II) the partial pressure 
of mercury vapour in the receiver was 4 8 x when the full (saturation) 

pressure for mercury at the room temperature would be 2 x 'fhus, in 

the dynamic condition, i.c., when the pump is on, the receiver has not the full 
pressure of the jet vapour. 

Ji X P IC K I M H N T ON T If Iv P V M P I N ('. M IC C li A N 1 S iM A N T) 

U L T 1 M A T !•; V A C V V IM 


Fig. 1 shows the interior of an orthodox ty])c of an oil diffusion pump which 
was constructed in this laboratory, and side tubes were attached to the no^/.les to 



study the pressure distribution inside the pump body. Table I and Fig. 2 show 
the result on the pressure distribution at different x:>ai-ts of the diffusion pump. 
It shows up the partial pressure of air (or COg, etc., al! of which would behave as 
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gas’ to obey Boyle’s law to appear in the conipressiou eolmiiii of ihc McLeod 
gauge), tola! pressure iiicluJijig vapour, and the vapour pressure by their 
difference. The Pirani gauge, calibrated across a liquid air liap, would record 
the vapour also when the trap is removed during the iiieasurenicnt of the total 
pressure. 

f.'Vni.K I 

Pislribution oj Pressure (mm. Hg.) inside a Sin,i;le Staj>e (iil Diffusion Punij< 


I 

I’ressurc tiieasured I)y I 


positions of tap- i 
pings relnlive 
to vapour ' 

McLeod (laiige 
(TVirtifll pressere ' 
nf air) . 

Pirani ( Lange 
I'J'otal pTcsMire) 

l‘artial pressure 1 
of oil vapour 
(Difference (tf 
Cols 2 3 ' 

j 

1 

Ratir) of va- 
pour piessuie 
to air pressure 
-^eoL 4 'cob 2 

1 

2 

3 

1 

■1 I 

1 

3 

j. 7.0 iiK Ii above 
jC't 

5.0 X To' *“ 

4 .0 X 10 “ ‘ 

1 3-5 ><* * 

7 

2. 3.0 incli above 

jtd 

2.0X 

2 6 X It r * 

1 * 

i 

U 

3. i.s iiu'li above 

3.0 X ire " 

2.3 X jo ' * 

I 2‘0 X ji) * 

j 

1 

b.6 

4, At the jet 

4.(1 X I(i' ’ 

6.0 y 10 •’* 

j -j.nXjfC'' 

1 

‘>•3 

3. 1.5 inch belo>\ 

2.5X10 ' 

i .S.6Xt<)"' 

! .5x10 ■■ 

1 

2.2 

(t, 30 in el I below 

^ jet 

2.0X10 ' 

1 S-f'Xlo ' 

1 

1 

i 3.0 X in ‘ 

i 

1-5 

7. 6 3 ineli below 

jet, at baeking 
pnnip noz/.U* 

2.0 X ](j ’ 

/j.oXlo 

1 2.0 X in " 

( 

i 

1 1 .0 

1 

1 


Tabi.i*; II 

VaciiuDi Produced l)y a Thirr-Siaiic M c rcHry- Pifi usiou Pu)}il* 

fill nmi. H.U.) 


Measured b\ 


— 

. . 1 
i 

Partial pressun- 

Vap. inessure 

Ratio ttf baek 

Ratio of 

i 

1 

of Tig differ- 1 

of rig at 

diffusion of 

total pressure 

McLeod j 

Pii-aiii 

once of iil'2 

room temp 

llg. VHP 

to Sat. Vap. 

Gauge 

Gauge 


26' C 


pressure of Jig. 

I 

2 


4 1 

1 

3 

T 

6 

2X1:/"* 

sxi 

4.8X10“* 

2x10"'* 

i 

0.16 

j 0.167 
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'J'ablc I gives llie pressure diblrilmlioii inside a diflusioa pump and sliows 
the compression effect below the jet. 'The maximum pressure occurs at and just 
Ixdow the jet. Column 4 sliovvs that the back diffusion of the vapour differs 
according to the vacuum condition and remains below the saturation pressure (as 
it cannot go above itj. 't his point is more clearly shown in Column 5 of Table II 
in the case of ineicury. 

Table II shows that a mercury diffusion pump can reduce the pressure, eveJi 
without a trai), lower than the va]>our pressure of mercury at room temperature. 
Hoth the i>arlial pressure of air and the back- diffused vapour go far I)eh;\v the 
saturated va|)our i)rcssure of mercury. 

1 N I) K P K N I.) 1C N Iv i ) 1' i; h T 1 M A T H V \ C IT M \V I T IT 

V A V a V R V u re s R ic s -r > i' i- r n i d s 


That the evacuation of air is almost independent of the vaponr pressure has 
been demonstrated by the use of different fluids in a diffusion pump (Ray and 
Sengupta, 10.15). Five kinds of pump fillings weie tried, namely, Apiezon oil 
Capelki oil D (Caltex Co), Petiolcuni jelley (white) and solid j)arafijn, and all of 
them gave the same minimum pressure (Table III) with certaia adjustments, 
chiefly heat input and jacket cooling. 

'PAiu.ie 111 

/',//('('/ oj l^lnids 0)1 Ihc l^nniiii lion oj \\u uui}i by n 

Siai^c Ihtfiision rump 

(Pressure in 11^ io""bnni. 11 g.) 


Piuiip fllh’ng 

Vacuum c 

7 \artial pressure | 
(»f air j 

onditions 

f^artial pressure 
of fluid VHp(»ur*‘ 1 

Relative heat 
input 
(Tentative 
estiiJiulc) 

Ri-.m\kks 

£. A pie /on Oil 

0.03 

\ .10 

I 


2 Capella 1 ) 
(Caltex) 

0.03 

0.17 

i-.S 


3. IMohil U 


u.g; 

15 

- 

^1 IVlroleum Icllv 
(Whitcj 


0.07 

i 

1 

i 

1 

1 

U’ater circulation 
is to he 1 
eiiftugh to main- 
tain fluidit} and 
adetjuatc boiling. 

5. Solid rarnflin 

1 0.03 

' 

<->'57 

j 2.5 to 3 

Do. 


*This is hov\c'ver iu)l Uie triw \apunr picssnre of the fluid under static saturation condh 
lion, as the pressure is measured under constant pumping conditioii. 
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The advantage of Hickman's selMractionatiiig puini> was also investigated 
in the light of the picture we put forward. The fractionating pump with three 
compartmeuts gave a good performance not as regards as the suction of air but 
regarding the back escape of the fluid used, solid paraffin was H ied in this pump 
and the back-escaped vapour pressure was found to be 0.36^ as compared with 0.6/^ 
with a single stage diffusion i)innp of the other a ise same design, 'fhe partial 
pressure oi air however remained the same at ‘'o 3^^ in both cases The iihcno- 
menon can be explained by the idea of forward stream line flow of vapour, which 
is facilitated by the successive vapour jets, making the upper jets more and more 
stream-line. The total pressure in the vacuum chamber could thus be much 
reduced by the use of a nuilli-jel pump without the heltJ of a si^ecial trap. 

I) I S C U S S I 0 N 

'I'he foregoing experiments sugge.st that it is neeessaiy to define the 
Taciiunr in distinct terms of the ‘jiaitials', vh,, 'partial prcssuie of the "air left 
in the chamber’ and the paitial of the back-escaped vapour uf the pump fluid 

The results of the experiments shows that air pressure can be pumped down 
much below the vapour pressure of the fluid and the partial pressure of the escaped 
vapour is also niucli less than the saturated voponr pressure under the looni 
temperature. The success of the diflusion pump depends largely on the jii 
design to give a stream line flow dnvoled away from the diffusion aperliire. 

A C K N O W L R n O R M R N T S 

Our thanks are due to Prof. M. N- Saha, D.Sc., F.R.S., for his keen interest 
and kind encouragement in the w^ork. We also ai knowledge oni thanks to the 
authorities of ITS I.R. for tlie stjj end awarded to one of us and for kindly per* 
mitting the work to be published. 

PAUX bAnOKAXORY OF PllVSK S 
Cnivi rsixy or Calct'XTa. 

R R V E R R N C E S 

rrat'fk-, W’., 1910, Atm, D. I^hvsih, 46 , 3.-.,;. 

Hickman, K. C. IX, 194^, J out tial oj Applied lAiyi^ics, II, 303. 

ITo, T. L., 1032, Rev. Sci Inst., 3 , 133 

baugmuir, T., 1916, Phys. Rev. 8, 48. 

Newman, 1925, Ttic Production rind incasiircrneiit nf low pressure, 52. 

Ray, K., and Sengupta, N. J)., 1943, Nature, 166 , 727. 

Ra\ , K. and Sengupta, N. D., 1945, Scicnec and Culture 10 , 5O0. 


4-^i576r— 4 



16 

THE SCATTERING OF FAST ELECTRONS BY ATOMS 


By K. C. KAR 

ABSTRACT. The \Nave theorv of scntl<fr'n^' of fast electron by atomic nucleus 

is developed by taking into a< count lh< elfcct td rc]nlivit\ and spm-orbit interaction. The 
correction term due to the spin-rjrbit interaction is derived from entirely statistical consideration 
and is in exact ngreement ]\Totl’s second correction obtained from Dirac’s theory. 

However, Mtdl'h first correction which is indepnident of the atomic number is ivjt derived bv 
the present method. It is suggested that this ( orrertion is due to the spin-spin interaction 
between the incident electron and iFu^ nucleus 


The problem of the scalterinj; of fast cleolrons by atoms has been treated 
theoretically by Mott (1921)) nsinn Dirac's equations. Accordingly Mott’s 
formula is valid for electron spin ± (h^n) and it takes account of the effect of 
relativity. The relative intensity of scattering at an angle between 9 and i 9 + dO 
and per unit solid angle is according to Mott 




2irzc^ cos~ \ 9 
iir .sin’’' \(l 


+ higher terms^ 


It is evident that the second factor i — (r^/r*) gives a general correction for 
relativity. In the last factor, the first lei in, viz., cosec^ gives the Rutherfoid 
value ol intensity while the second and third terms, viz., cosec“ and 


.r I* 

TT — 


27 rzc 

he 


^ ~ T{ i K've the two corrections for spin-relativity, 'Ihese two 
sin iP 


corrections will be hereafter called the first and second spin corrections of Moll. 
Of the two corrections, the second is appreciable only for heavy elements, i.r., 
for high value of 2, whereas the first is independent of z. 

It should be noted that in deriving the above formula Mott has taken 
the interaction potential to be -Ize^ir) due to the nuclear charge +ze of the 
atom. Ill other words, the repulsive potential of the orbital electrons for the 
incident electron is completely neglected. Tliis may be justified only when 
the incident velocity is very high and the interaction is very close. 

In the present jiaper I propose to develop the wave-statistical theory of the 
above problem. 

It is well-known in wave-statistics (Kar and Miikheijee, 1934) that on 
taking into account the effect of i;elativiiy and spin, the wave equations are 


and 


= +spin 

^X+^^2[(E-V)S-Eo--|' ]x=o. -spin 


(2.1) 




(2.2) 
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wheie for positive spin ?iniB=o while foi negative spin /min“i It is evident 


tliat the term - 


V2 


or — ■ 


V® 


in the above equations represents the spin- 


2 (/+l) 2/ 

orbit interaction potential for positive or negative spin . On neglecting it one 
gets the usual Schrbdinger’s relativistic wave equation which does not give the 
Lorrcct eigen-value of energy for fine-structure. On the other hand, it has been 
already shown (Kar and Mukherjee, T934) that the wave-statistical equations 
(2.1) and (2.2) do give the con ect eigen-energy. Therefore, in developing the 
theory of the present pioblcin, we should u.se these fundainenlal equations. 
Now, we take for I, the niinimuin value for both the spin. Thus the two 
equations (2.1) and (2.2) become identical and we have 






the last term being written (V*^/ in order to distinguish it from the other 
terms not connected with sfiiii but involving V. 

Outside the potential field the s]»in-orbil interaction evidently vanishes 
and so (2.3) becomes 




<2.4) 


(111 pioceeding in the usual way (Kar, Ghosh and Muklierjee, J937) we 
have for the differential eipiation satisfied by tbe first order scattering function 


A(A,x,)+/.'-*(A,xJ 


4;r=^ 


X<» 


[ 


2KV-V 





(2-5^ 






h} 


(2.6) 


Of tlic three ])erturbation terms on liie riglitliand side of Kq, (2.5), the 
first is evidently the most important, the other two r^ive only higher order 
corrections. <Jn solving ^2,5) as before (Kar, 1937) with only the first pcilurba- 
tiou term we have for the scattciing function 


AiXi= 


2;r-H 


cosec^ l^A 


ihr 

- F(ro) 


... (3) 


where A is tlie amplitude of the incident wave and 


ill which 


/ Vl/) sin A'? rdi 
^ To 

A'=-jA ^in 2 ^ 


(3-1) 


and I0 til*-' critical approach. No^n, because the interact iuii potential 
V(rj— ~^{zc^jr)y we have from (3.1) 


P('o)" cos 
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On substitulint; the above value of b'fro) in ^3) and also rcmeinberinR that 
we have fjoin after siiiiplificulioii 

— ,, fi ■“ /i^)‘^'Osec^ A - cos A'Vo ... (3.3) 

^ ni y i' “ r 


Oil solvin^4 ^-’*5) with only the second perturbation lei 111 on the ri^>hthand side, 
we have foi the scattering function \ride (3)] 


^iXi^ vosec- W/.s ‘ h'to,} 

Irt ^ n 1 


sin 


A'/ tiit 


wliele 

h-roi-A'/ 

hi 

On subslitiitiii)^ lot V' and iiiteftratiiiK v\i j»et irtnii (,\.i) 

Ou coiiihiiiiuK (4) iiml and after '-iiiiiiiiliratioii \\c j^ct 




■■■ ,.-mL 


2 n}(^''y^ ‘ ' ft( 


6’) “cosec iAA ^ 


1/0 


hi) 


A-l.i) 


4-2) 


(4-3) 


It iiKiv be easily seen that the last spin perturbation term in ie'5) will 
give for the scattering function, — i the value given in (4.3)- However, 
because it is tlie case of a spiinorbit perlurbation there may arise two^.'ases. 
The scattered electron may liave llie same 01 the opposite spin-direction as the 
incident. Of course, in assigning the spin direction one should not give much 
Importance to the geometry. It should be rather looked at from the statistical 
point of view. Now, in order to take account of the two events mentioned 
above we have to multiply the scattering function by a spin-factor which 
may be evalimteu in the fcjllowiiig way. 

If tlicre is no change in the direction of spin due to scattering the spin 
factoi should evidently be unity. The same result may also be obtained for 
— ii if we take the spin factor as the product 

+ i 


where the I.egendic functions (vide A]ii>endixj 


P 

P 


‘^(6*)== const, (sin ) 


‘"4 . ^k\ 

(ff \ - const . isiti (h 


(S-i) 


It should be noted that the possible values of / and m taken in (5) are symmetrical 
and form a complete group. 
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Now, of Ihe thiee spin functions, namely, 

+! ' ’ +i 

ihe pioclucl of any two gives the corruspcmcling spin factor. Again, because 
the scattering has axial syiniuelry, the spin factor must be taken independent 
of <p. From the above considerations, vve find for the spin factor 


+ i + { 

(5..1) 

where (vide Appendix) 


P (fc^) = const. — 

^ (sill 

(5-4) 


and P ( 6 ) is given in v.s O. Now, to the observer of scattering the spin factor 
r \ 

in (5.3) should be obtained by putting for (K Thus, on substituting for 

the Tegendrc f mictions we have from (5,3) 

. (c;.5) 


}4S 


The spiii-factoi in (5) is not changed by putting n- H lor Hence, we have 
for the total spin factoi 

o— i—cos^ ... (5.6) 


Therefore, we liavc for the scattering function due to the si>in-orbit perturbation 
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( >n adding llic scattering functions in <3.3), (4.3) and (0) we have for its 
L(jtril valiiL- 

t/;f 


A ^ j cosec* i^U'os i (jt— ^ . 
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CLisec cos**^ I .. (7) 
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Tet B be the amplitude of tfie incident wave w ith opposite spin. The 
scattering function corresponding to it is obtained from ’7) by simply putting 
H for A, Thus remembering that the total intensity of the incident wave is 
(y\^ -f B-) wQ have for the relative intensity of scattering 
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The second term in (8) Rives the spin-orbit correction for theielative 
mtensity-of scattering. If the critical approach is neglected, it reduces to the 
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second correction of Mott [vide Hci. (i)]. We do not get Mott’s first correction 
by considering the spin -orbit interaction. It appears that Mott's first correction 
which is independent of z, might be due to the spin-spin ihteiaction between the 
incident electron and the nucleus 


Critical AppToat h 


J/Cl us next find the corrected critical approach appearing in the 

formula for the intensity (S). fusing the weli-knovvn boundary conditions at 
r=rn, viz,, 


dXo ^ d(\ixi) 
dr dr 


We have as before (Kar, 1937) 


Xo 4 AiXi=o 

r=ro 


i 9 ) 


*o~n (i (cosec (g.i) 

when we take only the scattering function (3.3), ivithout the spin-orbit correction. 
The ditfereuce between fg.r) and the previous value of ro is the additional 
relativistic factor (i in (g.j). It is evident that the above value of the 
critical approach is only approximate, and it should be corrected for the spin- 
orbit interaction, 'riiis correction for the V‘^-perturbation and the spin-orbit 
interaction may be evaluated in the following way. The total scattering function 
for the V^-perturbatiou and the spin orbit interaction may be taken lii the 
form [vide Kqs. (4) and (6)] 

AiXi = cosec- iO cos- A - F(ro) (ko) 

where r(?o) i*s given in (4.1). Now, on using the second boundary condition 
in (9) and proceeding in the usual maniici (Kar, 1937) we get 




zlhty) .sin* J 0 




(11) 


On reineuibering Uial ro I’aniiol be nesativc, the above may be written in the 
form 


= cosec“ i<>cos® 




(>((o) ... (ll.li 


Or, transforming as before with the help of the lu:?t boundary condition in (9), 
we get 


i() — /j 


„ a — / 0 *(cosec liO— i cos- sill I ... (u.a) 
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where 


I=»cos/dro ^ + Mn l'Vo(C- log (^Vo)) •• (ri.2) 

C being Kuloi* constant. . ^ 
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On adding we get from (o.i) and ( 11 . 3 ) 

rQ=p. ——-2 (i-Z^^i^Ccosec I + v J^JsiuAsA (11,4) 

mnv^ \ lu > I * 

lieing the corrected critical approach. It is obvious that u 1 reduces to .p.i) 
when c is small. Thus, to a first approximation, one may use the micoriected 
ciitical approach given in (o 1). 


APPKNDIX 

The genera! value of the I.egeiuhe function P'^ffi) is illobson, igjui 

Ill -/.|i ... (. 1 ) 

where cos is rcstriclccl to be real and /, w are real but Miirestricled. b' in 
(12) is the well-known hyper ^^eoinLlric fnm tion. Let u.s now consider some 
special cases. 

i'asc 1 :~Put /== + i, n/ - -“i We have fioni (j2) 

= (sin (ra.i) 

Case II : — Put 1 =—^, )n = + J. Wc iiave from (12I 

= (sin ( 9 )’“* ... (12. .!J 

Cast Ilf : — Put/“-t- l, }}t- L We have from (12' 
i 4 

p;(m)= ^ ) F(--i. ; ^2 . 4 (i-/ 2)) ••• 

Now, it may be easily proved from the definition of hypeigeonieli ii function 

that 

h'i-nji+i] li] fi-, li; - I'( -« + i, : -■ -) (r.’„t) 

Thus from (*2.3) 
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The above results may also Ijc obtained from an alternative general formula 
given by Hobson U.c.), viz , 


P7fi«)=2"'tOS ' r 




, A-.?. 




m* 
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, +:)r(J) 


Vo 0 


where / and m are unrestricted. 
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MEASUREMENT OF HIGH ROTATIONAL SPEED* 

By SLDHANSL! DATTA MAJUMDAR 
(Plate VI) 

ABSTRACT. Th^ niollKjd an applicutum t»f Uk* strobosrupir principle tntci iiiitteiU 
lighi of very regular irequencv is pr tduced l)V allowing the light rellerted from a niiir >i 
attached to one prong of an tlectricallv maintained tuning fork to pass through a narrow 
slit. This liglit is tlicn rcBectcd from a slightlv tilted mirror fixed to the rotating turbine of 
the centrifuge ; as a result, a circle (jf bright dots appears on a sciecii filaced at a siiitrible 
distance The number of these dots i^* equal to th*‘ denominat^M !il the ratio of llie Ircqueticv 
of rotation to that of vibration. To obtain the numerator tin slit is m 'ved a lilllc awav from 
the zero-position of vibration of th(‘ image of the light sfiuice. f^ich d )l splits iqi into two 
which again ccnncidc-. The displacement of the slit from tlic /('lo positimi iieecssar\ to gel 
this (‘oincidence is measuici], and from this Hu mmuTaloi* is ealculati'd 'fhe method is 
capable of a very high degree of acenraev 

After the invciilioii uf the iiltra-centrifiige by Svedberg it became necessary 
to measure rotatimial speeds ranging from 500 to 3,000 rev. per sec. Various 
methods have been suggested from lime to time by diflcrent workers in the 
line. Of these a brief account is given below for conveiiicuce of comparison. 
In simplicity, accuracy and range of applical)ility* howevei , the stroboscopic 
method described here seems to have superseded all the otliers so far adopted 
for measuring high rotational speed. 

(j) The method usually adoiitcd in the earlier work wa.s to view the rotor 
or turbine of the centrifuge stroboscopieally through perforations near the 
periphery of a rotating disc. The si)eed of rotation of the disc was maintained 
at a constant value whicli was either known c»r determined l»y some suital)le 
means. The chief source of inaccuracy in this experiment is that it is almost 
impossible to keep the speed of rotation of tljt^ disc sufficiently uniform for any 
accurate measurements. Another disadvantage is tliat with sucli a stioboscope 
we can measure only speeds which are integral multiples of the .speed of the 
disc and it is also difficult to know whicli one of the integral multiples we arc 
measuring . 

Recently a more convenient method has been developed by Svedberg, 
Hjornsiiihl and McFarlaue- A portion of the rotor slvaft was magnetized 
lamellarily (by surrounding it with a piece of the same kind of steel during the 
process of magnetization) and a two-pole stator of a total resistance of ohms 
and wound with 0.10 mm copper wire was mounted in the centrifuge casing so 
as to surround this portion of the rotor. When the centrifuge is running an 
A, C. current of the same frequency as the speed of the rotor is generated 
(quoted from The Idtra-centrifuge by Svedberg and Pedersenj. This 
current is then amplified and its frequency determined by pioducing Lissajous 
figures in the cathode ray oscillograph. The method is accurate ami i.s capable 

• CoiDtiiunlciited bj rruf. S. K. Hose, Khai’rp rrofismr I'livurs^ CuK'uIIk I'liivtrrsity 
5— 1576P 



154 


S. Daila Majumdar 


of measuring any spocd, its only drawback being that the experimental arrange- 
inents involved in its use are rather too coniplicaied. 

3. Anotlier stroboscopic nietlifKl due to Haii vc}’^ is to illuminate tlie 

turbine l)y means of a neon lamp fed ))y an intermittent electric current . ''1‘Iie 

inteiTn[‘ted electrical contacts me made l)y pressing a carbon brush of rectaugulai 
section against the rim ol a metallic toothed-wheel clamped berween twobakelit? 
discs of the same outer diametei. The v\heel is made i o rotate at a constant 
speed l>y means of a synchioiious motor. 'I'his mcliiod is subject to all the 
disadvantages of the first method. 

.\. A femrth method <lue to SiKjddy and 13 eanis (1037) is to induce an 
A. C. current in a coi! by fixing a small magnet to the rotor or turbine 
of the centrifuge. '1‘lie coil is connected across an A. C. bridge consisting of 
3 fixed non-inductive resistances, but in series with one of these is included 
a variable capacity and a varialdu inductance which eiia])le the bridge to bV* 
balanced at the induced frequency. Though this method is simple the accuracy 
of the (deetrical measurements cannot be very high. 

For other papers on sjjeed measurement see (1) Pickels (Tf-)3S) and ( 2 ) 
bjornstiihl (1930). 

n X P H 1 < 1 M I* N T -\ T. A K R A N O K !\T N T 

The method is a simple apj>li( atioii ol the stroboscopic ])rinciplc. IJghl 
from a straight filament laini> was brought to a locus at a distance of al)out a 
meter and a half after lefiection from a f>lane mirror attached to oiuf prong of 
an electrically driven timing iork of known frequency vvhicli was in the 



1. Carbon arc. Xarnnv b'»nVontaI>lil. Comloiising lens. .4 Flectricalgv rraiji 
tained tuniug fork. 5 Plntie mirror attached to a prong of the fork, 6 horizontal slit for 
producing interniittenee of light 7- Movable plane mirror. 8, Fixed plane inirroi. 
9. Condensing lens, 10. Tilted mirror fixed t^the turbine or rotor of the centrifuge, 
II. Ground glass screen. 
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experiment performed (see Kig. i.) The filament \vas hotizontal and the plane ol 
vibration of the fork vertical so that with the vibration of the fork the image <^f 
the filament vibrated transversely. A narrow horizontal slit was then i^laced so as 
to coincide exactly with the filament image when the fork did not vibrate. As 
the fork was then set into vibration the slit allowed light to pass through it only 
intermittently with a frequency double that of the fork, i.e.y 2 x 256-512 in the 
present case, A condensing lens was then placed after the slit. Owing to the 
approximate parallelism of light coming through it this lens condensed the light 
into a small bright siiot on a screen placed at the proper distance. Sow a plane 
mirror was attached to the rotoi of tlie centrifuge such that its normal made a 
very small angle of a fev\ ilegrees with the axis of rotation. I his mirror was 
placed after the lens and the light coming tlii'(nigh the lens was first reflected fioin 
this mirror and then brought to a foc us on the sc reen. With this arraugemtnl 
when the fork wasal rest and the mirror w'a^ inadi' to lotate, the spot of light 
on the screen moved, giving lise to a bright circ ular ring of small width. This 
was due to the inclination ol the 1101 iiial to the minor \o its axis of rotation. 
When, however, the fork was vibrating and at the same lime the minor was 
made to rotate with slowly acceleiated speed, this t'irculai ring bioke ui) into 
a number of bright dots slowly moving round the circle. 1 his plienoineiioii 
W'as a result of the iiilennittent nature oi liglil ialling 011 the minor, and 
occurred only wlieii the irec|uency oi lOlaliun Ix'ie any simple latio to the 
fieqiicncy tjf vibration oi the fork, boi example, w-hen the liequcnc) ol iigatioii 
was any even integral multiple of 256 only one dot appealed, and when it was 

any odd integral multiple of 256 the number ol ilots v\as two. 

T T1 K ( ) K Y 


bet be the u-egiieiicy of the fork and uxpjq the freiiuency of rotation 
lobe measured, where hlq is a fracHoii in its lowest terms. 'I’he frequency 
of intennittence is therefore 1*1 and that of rotation can be written equal 
to 2a X /)/ 2f/. If p is odd then /> and zq are also relatively prime and therelore zq 
cijuidistant dots w'ill apiiear on the uide. If p is even (equal to 2in, say) 
then pi zq— q and tlieicfore q equidistant digs will ai>pear, wdieie i/ must be an 
odd number in this case. vSo the number of dots gives us complete information 
about the denominator of the fraction pjq, 'i'hese reinaiks are valid if the slit is 
placed exactly at the zero position of vibration of the filament image. To 
determine the numerator of p,q the slit is to l^e placed a little away Iroin the zero- 
position, be., at a position whose distance from the zero-position measure<l jii 
pha.se angle is say. Tor this eccentric position of the slit the niterv al between 

I 2^^ 1 1 

- . and 


two couseciitivc flashes will no longer he i/ew but allc-iiialciy 




I The ist, 3itl, 5lh, Hashes, i.c., the flaslies oi odd ordei will, 

2 « ' 

however, ^jve rise to a system of cQuidistant dots, and tlie .iid, 4! t- 6t 
flashesj i.f., the flashes of even order will give rise to a difierent system of q 
equidiiant dots on the circle. The two systems may or may not coincide. The 
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angular distance Iielwecn llio two systems is ~ — - ■ --Y 'fliis is 

tj \ 2» 2?: 71 / 

cqiiivalcnl 2n)i. ^ ^ )- 27 r where L is any integer. If p is odd it 

(I \ 2n 27: n / a 


is e(ivii\ aleTil to li^r. 





and wlieii /> is even it is cciuivalent to 


2 p 0 


Tlieiefoic if tlie no. of dots is odd (for /ero-|»osilion of the slit), then each dot 
v\]l] sj>iil lip into two clots separated by an angular distance - 2 ptijq as soon as 
the slit is disidaced fioin its /.ero-position tlirougli a small phase-angle (K If the 
no. of dots is even no such sti’ilting np of the dots will lake ])lace, only the 
symiiielry in the dislnbiition of the dots round the circle w’lll be lost. 

'riie condition of coicidence of the two systems is 



or 


pO^TT, 


P — 2 k 


If p is odd then this gives 


po- 






If p is even tlicn 

pO^ —277, “'T, O, + .T, -f-'277, 

It may not be out of jilace here to answ'er a (jucstioii which naturally presents 
itself. If the frequency ratio be 1/7001 instead of exactly 1/7 will there be 
7001 dots on the circle*^ The answer will be in the negative. Owing to the 
failure cif the peisisteiice of vision such a large number of dots arc never found 
to appear on the circle. Instead of 7001 dots there will be only 7 dots on the 
circle rotating with a freqnency fioiii which the exact ratio 1,7,001 can be 
calc lalcd out. 

Difficuliics in wcasuunj^ hiM^ .speed, — The method describetl above is quite 
suitable for speeds below 400 r.p.s. A difficulty arising out of the duration of 
the flashes, how’cver, creeps in as one tries to measuie higher and higher speeds. 
Let a be the width of the filament image focussed on the slit and b the w idth 
of the slit and lei Now if L be the amplitude of vibration of the 

filament image, then the duration of a flash is ' 1 '= sec. If 1 is not 

sufficiently small then for high speeds each dot w ill be elongated so as to cover 
a considerable part of the circumference of the circle on which the dots appear. 
The value of T can be diniiiiislicd either by decreasing lu or by increasing L* 
As there is a practical limit to the extent to which w can be decreased the only 
other altenudive is to diminish T by increasing L, This has been easily acconi* 
plishe<\ by attachmg two [fianc luirrors one to each prong of the fork such that 
they arc parallel and their rcilccting surfaces lace each other. Light from the 
lamp is now multiply reflected from these two mirrors before coming to a 
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focus on the slit. If there are r reflections the amplitude of vibration (for a 
single reflection! is magnified t tin es. In the actual experiment S reflections 
were taken which gave an amplitude equal to jcj cm. 'i'lie value of a' 
was 4 tuni. 


• ’A I _ 1 I 

27i X 20 U 300 tl 


sec. approx. 


riicreforc for a rotaiUriial speed equal to tor (=.2560 i.p.s) each dol will 
covei an aic subtending an angle 360^' x i , >0. So at Ihe slated siieed we will be 
able to distinguish dots on the circle if their number does not exceed 30. Hut 
il should l)e noted that as one tries to shorten the duration of flashes in this 
way the intensity of light falls off considerably. ^1 his difficuliy has been icnioved 
by taking instead of an ordinal y straight hlainenl lamp a carbon arc as the light 
source with a water-cooled slit jdaeed very cdose to it. 


p R A c r 1 c A L o p: r r r m j n a t j < > n o v 'r ii v) 

N U IM R R A r O R O V p q 

I’o deteniiiuc p oiv' is to move the slit away from tlie zero-position of 

vibiation of the filament image and measure the phavSe angle ^Mhrough which 
it is moved to get the next coincidence of dots in pairs. If the number of dots 
is even p—ul2ii and if it is odd p—jr.'u. Instead of doing tin’s, however, it is 
more convenient to count the total no. of coincidences that occur as one moves 
the slit through a fixed phase angle tt/c]. From this number N the immerator 
P can be easily found out. For example, if the no. of dots be odd (for zero- 
position of the slit) and if there is a coincidence at the position n\\ of the slit 
then /’is equal to 1 limes tlie no of cfnncidences o1)scrved as the slit is moved 
from tile zero jjosition to the linal iiosition, in other w(>rds = in this case. 
It is easy to sec how p and N arc related to each othei in other cases. A 

difficulty, however, arises as one moves tlie slit away from the zero position. 
For if the displacement of the slit is fairly large, the light passing through il 
will 110 longer fall on the mirror attached to the rotor. 'I his difficulty has been 
removed by using two parallel mirrors (Fig. i) with their reflecting surfaces 
facing each other, one rigidly fixed to the slit and moving w'ilh it and the other 
kept fixed just in front of tlie mirror attached to the rotor. Both the mirrors 
are inclined approximately at 35 to the direction of the incident liglit which 
after passing through the slit is now’ successively reflected from the two paiallel 
mirrors and therefore conliiuies to fall on the mirror allaclied to the rotor inspite 
of the motion of the slit. I'lie condensing lens may lie placed soiiievvheie 
beUveeii the fixed mirror and the lutur. 

[) i S CP S S T O N 

The advantage of this method is its striking simplicity and the remarkably high 
degtee ot accuracy allained liy il if proper piecautions are taken. A difference 
of i/too cycle per sec, is easy to detect b> this method, (ireat precautions are, 
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liowevtii , iiL'ccssary iu order to attain this hiyli order of accuracy, hor example, 
Iht fork must he of carelully tempered steel and should k maintained ])teferably 
hy using thermionic valves so that the piocess of maintenance itself may not 
affect tile vibiation of the fork. Finally, the fork should be calibrated by com- 
parison uitli a standard gravity pendulum ai u definite temperature and the 
iicccssaiy teinperalure corrections applied to the frequency of the fork. Anothci 
advantage vUiicli is usually lacking in slrohosco[)ic methods is that this method 
enahles one to measure speeds which are not ineiely integral niidti[ilcs oi the 
frequency of intermittence but also almost any fractional speed. To measure 
any Iradional speed the only thing required is to devise a suitable means of 
raiiidly counting a large mmibur of dots. The difliculty of counting arises out 
of the rotation of the dots which are not found to he steady even for a fraction 
of a se "lid. A method of counting may he to compare the bright dots with a 
iiuiiihei of opaque dots distributed over the same circle. If, during rotation, 
the bright dots are at times completely exlinguislicd we can he sure that the 
no, of bright dots is equal to that of the cijiaque dots. 

'I'lic photograph given here (Plate VI) shows 7 dots at a speed of 

,)i;6 X Y = Pxip.i r.p.s. 

I am grateful to Prof. M. Saha for his kind iiilciesi iu the work, and to 
Prof. S. N. Bose for kindly going through the paper. Thanks are also due to the 

autlmritics of the B. S. I. R under whose grant-in-aid the work has lieen carried 
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out for llieii' kind permission to j)ul)lisli tins paper. 
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WAVE-TREATMENT OF PROPAGATION OF ELECTRO* 
MAGNETIC WAVES IN THE IONOSPHERE 

By M. N. SAHA* and B. K. BANERJEA 

ABSTRACT. Wave-t-quatioiis for the propagation of c tn. wnvrs tlirougli the ionosphere 
Iiave been obtained by the use of a new ni.ithein.itieal inetliod involving the use of dyailte 
analy.sis iiitrodneed bv Gilibs Kxpressions for steady eurreiit conductivity of the 
ionos])herc' liave been obtained liy this inel'hod and the lesiiKs are concordant with those of 
Chapman ; an extra term for llie conductivity, u liich is more proniiueiil in the I'Vlnyer has 
been obtained. 

It ha.s been shown llial the wave i.s split np into three uaver, as in Zeeman r.llcct, one of 
\vhich is ordinary, (he o(her two exVr.aordinary, in accordance with observalion.s by 
Toshniwal, and Uarring. 


1 1 N T R 1) 1) r CT 1 (I N 

'J'he siilijeci of propagation of olcclroniitgnetic waves in the ionosphere 
appears to he at the ineseiil time in a rather confused state. Appleton (lo.ta), 
in liis pioneering work, used what is now coininonly known the ray treatment, 
starting from Maxwell’s eipialions, he ohlained a valne of Die refractive 
index of the e.in. w'aves in terms of liie electron concentration, the earth's 
magnetic field and the daniiiing coefficient of electrons. He further [lostulatcd 
that the wave gets reflected when the refractive index vanishes. I'roin the two 
values of refractive index it was deduced that the w'ave splits ufi into two, one 
ordinary and the other extraordinary and the sense of polarisation of each wave 
was determined . The condition of reflection of the extraordinary wave is, 
however, satisfied, at tw'o distinct levels given hy the condition + /'/’/,. 

It appears to have been assumed that only one of these waves, corresponding 
to the negative sign existed. 'I'oshniwal (19,15) and Ilarang (1936) have 
however, obtained at times reflections corresponding to the conditions 
+ pph, so that it is legitimate to think that Ihe wave really gets split into 
three components on entry into the ionosphere, one of which fails usually to 
get reflected owing to heavy absorption. Further, we have to explain the 
phenomena of M-reflections, which prove that the wave does not get completely 
reflected even when |a = o, but may leak through the ioii-layer in considerable 
intensity, and get reflected from a higher layer. 

The wave treatment was first attempted by Ilaitree (1929, 1931) in three 
important papers. 'J he papers of Hartree are extremely difficult to follow on 
account of the difficult notations used and some uniiece.ssary complications 
introduced. He used throughout the notation of dyadics, introduced by Oibbs. 
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This notation » thougli inuclj convenient for mathematical working is not 
generally familiar and to make the deductions intclligil^le the results have to be 
transcribed to ordinary notations which was not carried out by Hartree, Hartree 
obtained the displacement of the electron or the ion as S.E where S is a tensor, 
E = Electric field. This part is rendered rather complicated because the electron 
is regarded as bound l)y a ([uasi-elastic force- From the expression foi vS, he 
obtained an expression fur a called the scattering tensor. The underlying 
physical idea is borrowed from a paper by Darwin (1925), wlio has shown that 
almost all optical lilicnoiiiena, rclleclion and refraction can be explained 111 
terms of scattering by elementary const ituents of the medium. Hartree has shown 
from the eriuiviilencc of tw(> dilTcreiit processes llial the equation of piopagalion 
of the electromagnetic waves in the ionosphere continues to obey the Maxwellian 
form, 'the trealnieiit was also rendered complicated by the introduction of the 
term fi, the lyorenlz polarisation term which lie took not niucli far from 1/3. 
It lias, however, been shown by Darwin (193.:]) that /i — o, and this considerably 
simplifies Hartree ’s method. 'J'he expression for refractive index was obtained 
by considering llie case of normal incidence in a stratified mediiiin where is 
supposed to be constant. lie ultimately obtains the same result as Api^leton. 
So far his treatment led to a justification rather than laying the foundations of a 
rigorous wave treatment. In a later paper he takes the wave equation with a 
variable and tries to solve this eciuution for a few simple cases but it is obvious 
none of tliese assuiiii)tions corresponds to reality. 

Saha, Kai and Mallnir (1037) expressed the displacement of the ions in 
siiniiler analytical form, w'hich may be shown identical with those of Hartree in 
sintc of the apparent dirterences in form. From this displacement they obtained 
Ihc value of the dielectric tensor for a stratified medium and ultimately obtained 
the same expression for /a as tlial of /vpplelon- 'i'he w^ave treatment was applied 
in a simple case for the O-wave and the penetrability of the electron barrier for a 
simple <^ase was deduced. 

In the present paper the foundations of a rigorous wave treatment have been 
laid down and the exinessions for refractive index, conductivity and direct 
current conductivity have been deduced. The solution of the w^ave-equalions 
has not yet been tried. 

V 

2. T H n I) T S P Tv A C T^: V N r ( > V T n IC ions in t it 

1 0 N OS i‘ n n R T^: 

The equation of motion of the charged ions referred to any system of axes 
can be written in the form 



where r- displacement vector of tlie ions with components (4", U 
)//()“ mass of the ions 
v = collision frequency of the ions 
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H=] iarlirs magnetic field with direction cosines /■ tn, n. 

E^E(, cos pli the electric vector of the incident c.m. wave with direction 
cosines 1 \ m', 

The effect of the magnetic vector and space charge have been omitted as usual. 
The notation conforms as closely as possible to those used by Appleton (iu3;») 
and Saha, Kai and Mathur (1937). 

It can be easily verified that the solution of the above equation with 
E-Eo cos pt is the real part of the solution when we put E- ; we use E 
in this form, because the solution is now easy to obtain. The quantity analogous 
to static coiiductivily now coii.es out to be complex (Stratton, 1930) whose 
real pari gives ordinary coiiductivily, imaginary part gives the deviation of the 
refractive index from unity. 

Starting with E — Eyc' and introducing the notations 


/ (I 

M/y 

l^=il^l>h i 


<x=ivy.-/r ; 

r=--(v^ 'I, 0 < '"' 


h.- 


dl 

■IlhiC 


,'iiul bleak i UK up Uic above equation into components we get 

ill,, 


°^>l+ iphin^-li) - '■ ... (j) 

iii„ 


+ 77 ’ 1. (/*/ “ “ * '’ 7 vi 

jii„ 

Solving these equations by the usual determinant method, we have ^ 

(: = l}}^' f/'((x= + i3“a+),,7oi«ii + /:l^iil) + ii'({i8=,(;--i3(xm)J/|a^^^ ... (,^1 


,j= [/'(/ 3 bi 7 -/- 0 (ii) + + n'lp^mv + lial\]l[a(a~ + 

III,, 




III,, 


Let a denote the comiilex conductivity. Wc have 

K,dr 


0.E=cuiTent =-Nf 


dl 


-i/iNcr 


(d 


Substituting the value of r from (.5J we get e in the tensor foim 


-w j7’Nc^ 


fi^lm+fian a® + j3“iu* ft~mn — fta.r\ 

/i^nl—^oitn + oc' + /3‘'«‘ 


(5) 


I 
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lycl US ut'Xl find out the la'iiicipal axes of the tensor ellipsoid by usin,^ llie 
lluniiltoUTfraylcy ineiliod. The princii>al conii)Oiients arc cJveii by the roots ot 
the equation, 

where d’| = spur of the tensor, (r^ (/= v, v, 2 

cr, , -(fy , .s, q—Xf ;1', ,:j .S^iy 

d\.,-'I)etennuiaiit of 
We obtain from (5) 

= d‘. = 3(x^(a“ + /i-); d>;,==a"((x"H-/ 3 ")'' 

Hence the cubic equation reduces to 

A"‘— (^a'-H/PjA" i 30 ^^((X‘ + /7’^jA“a"l(X‘ +/7'“)*==c) 

or I A- /i") I I A -- ^0^- + ia/?)] [ A (o(- - /a/:^) | -o ... (7) 

li V — o, cx, 20(/Jj and ff are all real, and tlie roots are all real, such a dyad has 
been classified by (lil)bs as a tonic dyad. 

In ;;encral case, for v 1 o, \vc se[iarate the complex condiictivily len.sor a in 
(^linloical, and imacimuy parts. Then forniing tlie coi resi^onding Ilaniillon- 
Cayley cijuations for the real ajid the imaginary pa) Is we get the roots for RetJ as 

A ^ *' -A., = . A- = / (g) 

** ml) (iM- ^ ful> />“ H' (»'“ //o, j* 

and foi ImO 

\ Nr" ‘ . X Nc“ i j, Nr* j / . 

a I . I, ‘ n I a o — - , — - ' ' - 1 A'2 ■ — - ... lo I 

# m m + (v+ //oJ" III /'’ i (‘"“//'aV 

Dyads of this type, liaving two complex conjugate luuis of llic II. C. equation 

are classified by (libljs as cyclotoiiie dyad. All the properties ol the ionosi>lieie 
are of this type. 

Tet us next find out the orieiitalion of the cliaracleiistic i)rincipal axis of 
the tensor c’, to the eailii’.s magnetic field. We consider a vector p sucli that 

np^Xp 

where A is a tnopurliunalily faclur. If ],, be llie idem factor 

crp = AIyp or (o — Aly)^j = o 



i*i . 1 1 ^ 1 ) T + 1 I :;N — o 

(rgjL + Aj)M + ‘T2..,Ni? =0 

Or.x;.-A)N =0 


{10) 
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where L, M, N are tlie direction cosines of tlio jiriucipal axis. Substilutin.e; 
A = (/® + / 3 - and the corresponding values of w ,i, trj.,, etc., and reineinliering llial 


vve get 


Iv=±/, M— ±/Jz, N— ±;/ 


We thus sec that tlic real eluiraeleristie principal axis of the tensor cr coincides 
with the earth's niagiiolic; field. Similarly we can show that the other pro- 
l>cTties like ordinary conductivity, dielectric constant, etc., have the same charac- 
teristic principal axis. Tlie other two axes of the cyclotonic dyad ate in a plane 
perpendicular to this axi>, and may l)e oriented arbitrarily. 

Let us next elioose a new system of axes witli the dircciioii of the earth's 
magnetic field as the X-axis, /-axis being in the magnetic meridian and Y axis 
liori/ontal perpencliculai to the magnetic meridian. Referred to ibis new coordi- 
nate system, let us now exjness the displacements and the tensor a in the new 
cuordinateSj We juU r, — o in (5). Then 




(x(a' 1 


... (ki) 


and fioiii 


nio 


■■■ 


- I (X'/zT -I" / jCXjj ' 1 / [(X((X'’ r/j‘)| 
lllo 


I /jiX/z']/ I /)’-■) I 

fl/n 

Lei us next form that tl;e real parts of the displacements, wincli are tlie true 
solutions of equatioji (1) wiiJi U = 1L, cos /W. Wq liave, piitiiiig L(/', ni\ ?i') 

= (K.r, it I/, IVff,) 


Rc [cos i>l- sin Pi 


nijp'-^ -i- v'-*) 


■ (f 4 ) 


(Rc>/±<'l<e;)=- 


tip" ’\'(y±iph) \ I P 


From the above exjn'essioiis, we can easily obtain expressions for the steady 
current electrical conductivity in the ioiiospbeie as ol)taiiied by Schuster, Chap- 
man and Pedersen. We have to ]nil p = o 
We get 




' V, ['dV; -Pl3'<v) 
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Wc have lliorclorc Jj:~Nc‘^= 1C* and 

;;/i' 


TSlT ® 

= ra,/J?j,==c'oudnctivily i»arailel lo llie iiiagiiclic fields--- ... (15) 

mv 

If DOW lif = 0, ?.c. llic c.tii.f. is intlic horizontal plane perpendicular to the 
ina^^nelic meridian, we have 


Ne" r 


(16) 


This is known as the transverse condnclivily 

We hav^e aji additional {’urrent along the Z-axis, /,r., in the meridian plane 
I)erpendieiilar to the lines of foiLC, and the eondiicliviiy 


^ =3 - 


... (17) 


IfJVjle, hut li.i ="1;^/ ™o, We have flow of t iirreuts holli along V and Z 
axes. 

We ol)Seive fioin tliese results that even wlien »’ tends to zeuj as in 
the V region, we have a eonduetivily transveise to the inagiielic meridian 

I .. / J'n. and this has a iiiniling value 
0 ' 'I moP, 

We have thus got an extra Icrni for transverse tondiietivily, A'iz. 

^ 1 addition to those already known but we have not yet had 

nio b’ PV 

h 

lime t(» examine its probable contribution to the theory of h and >S tcims in 
geomagnetism. 


3 1' li K F U N D A M K N T A Jy U A X W K ly ly I A N U fj U A T I (.) N vS 

The fundamental equations f 01 the propagation of the e. in, waves in the 
ionosphere arc 

yxH = — K+ I. ... (18) 

C C 

VxE=^— ^-H. 

r 

V.K = 4*’’ P 
V.H=o 

Here 'I’ denotes total nirreiit, wliicli requires ^ouie eiiicidatiou. We have 
I— o-.E, where B — total held (t.r. sum of imideiit field plus radiation field due 
to suriouudiug ions. Also iu the ionosphere, it is customary to takepi=o. 
Thus (18. i) is modified as 

VxH= --£ + 4.”’--- . 

c c 
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It can now be easily shown, taking curl of curl hi, etc., that 
equation 

E satisfies the 

<1 

I 

II 

1 

Q 


or V=E + ^;(l,-+ ).E=<. 

... (jy) 

and similarly 7 / salisfied the llic equation 


V=H- VH=--^Vx(o.E) 

(20) 


r c 


Now for a wc have to substitute in the case of any coordinate system expres- 
sions (5), but it will simplify matters if we intmduce the ))rincii)al coordinates 
defined in (12 j. We liavc then 



a 



P 

0 

(X*- 1 Ij 

P'ift 

(X- -h I'j" 


0 


i-f 




(X' 1 H 


(21) 


'riic equations fio) can then be split up into three equations 
, <■' \ l>-~n'f/ 

c 


(22) 


V 


=K: 




where 


h = i + 


/>2o( 


c — 


l>W 


The Iasi two equations had bettei be written in the form 


y*(E»±iK. 



i.2 

P 


J-j 

P’P^ PPh 



= 0 


(■28) 


From tlicse equations, we see clearly llial on entrance into the ionosphere, 
the three components E,, K,, t- /K., Kp-*K« tiavel with different velocities, 
depending on p’i, v, and ph. If tljese quantities are slowly varying, we can talk 
of refractive index. The Ei'Component (electiic displacement ])arallel to the 
magnetic field) has the complex refractive index 
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and tlie + /Rr, E/, /Ej coniponeuls have the refractive indices 

., = x- ^ 

T ppf, 

The analoi^>y with Zeeinunn-cfTeci is obvious ; (E,, ) /E/) denote anticlock- 
wise circular ])olarisation and (li,/ /I\:) denote clockwise circular polarisation. 
If we nej-dcct v and put Api)lcton*s conditions for tire reflexion of 

the o-wave, ami if we ])nl /^ ~o, wc get the two conditions for the 

reflexion of the two extraordinary -waves />n whicli have different 
sense of polarisation . 

The complete solution of the erjuatimis (21), however, are rather difHcull, for 
we are rising a coordinate system which, except at the magnetic cfiuator, and at 
the magnetic poles, cannot be linked to the loc al coordinates in a simple manner. 

At the magnetic equator, the X and V axes are horizontal and Z-axis is 
vertical. In a vertical propagation of the e.in. wave, E =< ), and wc have only 
lC,r and E// definite. Tire reflected wave will therefore have its o-coinponcnt 
polari/ed parallel to the magnetic field, the X-component polarized parallel to the 
\ -axis, Kfu, perpendicular to the magnetic field in a horizontal direction. We 
have, however, not yet tried to evaluate E.f, E,^ in terms of the amplitudes of the 
wave sent out by the antenna. 

For the magnetic pole, the X-axis is vertical, and for a vertical j)ropagalion 
wc have wc Jravc only bb/±/.bh •’•r., two circularly polarized 

X-waves, We have to obtain the reflexion coefficient from a solution of (21), 
which will be attempted in a future paper. ► 

« 
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HIGH PRESSURE CARBON BANDS AND THEIR 
RELATION TO THE SWAN SYSTEM 


By NAND LAL SINGH 

ABSTRACT. In this paper the suggestion that the high pressure carbon baiuls ,lo not 
form a new eleclromc system but belong to the v'-6 progression of the Swan system is examin- 
e in detail. It is shown that available data on these bands do not prove tliis suggestion 
complete rotational analysis of the bands is expected to decide the point .me„nLcalIv’and 

pr:L:;s^:. 


I'lic high iiressure carbon liands were first discovered by Fowler (roio) 
in the course of his work on the low pvossure or Coinet-tail bauds in lubes 
coiUaming carlion monoxide at relatively high iircssnrc fioo mm.-). 'I'lie bands 
rajiidly disappeared when the pressure was reduced and they could not he 
observed in the spark at atmospheric iiressnre or at a pressure of half an atmos- 
idiere with or v-ithout capacity. Fowler had obtained these hands along with' 
the Angstrom bands and the Swan bauds, tliougli both the latter were very 
faint. According to him, the.se hands are double beaded and are degraded 
towards the violet. ITedidiiotgetthe.se hands in C(.)„ petroleum, benzene, 
CN, or CO mixed with air. These bands were also observed in Borelly’s Comet 
in 1903 and in the Comet of it)ioa. The conditions of jiroduclion of these 
bands were further investigated by Merton and Johnson (1923). They obtained 
these bands with greater iiitoiisity in condensed discharges in capillary tubes 
fitted with carbon electrodes. The tubes contained carbon nionuicidc at 
pressure.s of 5 nun. and more. Tlie authors have given a reproduction of lhe.se 
bands photographed under low dispersion. They observed that the vSwan bauds 
and the high pressure bands were both present in the light coming from the 
capillary part of the di.scharge tube, but the high pressure carbon bands were 
isolated in the bluish jets where the two ends of the capillary merged into 


the wider parts of the tube. It was further observed that the in trod ucl ion of 
a liftlc CO2 made the bands disappear which appeared again only after a short 
while in which time presumably the CO2 was reduced to monoxide liy the 
carbon electrodes. 

Johnson and Asundi (1929) photographed the system in the first order 
of a 21 ft. grating with a view to doing the rotational analysis of the.se bauds 
and thereby deciding about their emitter. The discharge tube in their expeii- 
ment was 60 to 70 cm. long having a bore of about 15 to 20 nim, One of the 
electrodes at least was made of cai’bon. The tube was filled with carbon 
monoxide at a pressure of 20-40 mm. The high pressure carbon bands were 
strongly developed on passing a condensed discharge from a i K. Watt, 15,000 

2— 1576P— 5 
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volt transformer. Further observations indicated that impurities such as 
hydrogen, carbon-dioxide, water vapour inhibited the fonuatiou of these high 
pressure carbon l)ands and the tulie always attained its best condition after 
lunning fur alioul an hour and removing meanwhile any little hydrogen through 
tlic palladiiun regulator altaclied to the discharge lube. The light filling the 
wide bore of the discharge tube gave au appearance of dense pale blue puffs of 
smoke whiidi was rich in high pressure carbon bands. Tliese i)ale blue pulTs 
Were threaded with a green narrow ribl)on which showed only the Swan system, 
Uy llie proper selection of i)lates and carelnl search on them the authors were 
able to record six more bands which along with the previously recorded bands 
formed one progressi(m They repiescnted the bands by the 

formula 

V = ,'>9212 — (16*277''^ - JT.77>"^*) ... (i) 

'I'al)le fl) contains the list <3f ])amls observed together with their visually 
estimated intensity and the v'' Muinl)ering as i)roi)osed by Ihem. The(() — C) 
values arc given in the last column. 
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in 
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21361 

- 8 

1 839.1 
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16946 ' 

4 - 2 

15518 

4 - I 

14114 

4 “ 2 

1-731 
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The close agreement l)etwee‘n the coefficients of v" of this eciuation and 
those of v'^ ill the equation representing the origins of the Swan bands led them 
’ to conclude for the first time that the final state of both these systems is the 
same, tlie accepted equation for the vSwau system lepruseiiting the origins 
being 

V = 10379.20 -f (i 773 . 427 ^' “ 19 . 357 ''“) - ( 1620 . 287 ?" - I I . 671 '"“). 

Thus the two band systems were shown to be due to a common emitter. 
This emitter is now accepted to be the C;. molecule on various and sound 
grounds both tlieoietical and experimental. Thu common final level in these 
two baud systems was considered to be the normal slate of the Cj molecule. 
This has been confirmed lately by absorption experiments (Klemenc and others, 
1934). The small dilTerence between the coefficient of v" in the two equations 
is well accounted for by the fact that in the equation for the high pressure 
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caibon bands the data on heads have bven used while in that for the f^wan bands 
tliose on the origins are used* The ap]»arent double cluiracter of the high 
piessine bands as seen under low dispersion is due to the condensations whicli 
constitute the P and R brandies. The liigli pressure caibou bauds then form 
a band system which consists of only one progression. Numerous examples 
arc, however, known of band systems having only cue piogressiou. Kveii in 
the same molecule, as for example in CO, we have the Iler/.berg-Asimdi bands 
and 3— A bands iuvulving different electronic states but having only one 
progression. 

Fox and Herzberg (1937) and later Herzberg (1939) discussing llie processes 
of dissociation, predissociation, and recombination refer to the Cy inokcule. In 
a three body recombination the energy ul fonnatiou may be carried away as 
excitation energy by one or both of Uie resulting systems, ff'hus in distdiarges 
in Ct) under liigh pieh»sure tlic two carbon atoms formed by dis.sociatioii combine 
to form Cm while the energy of formation of Cm may lie directly utilised in 
exciting it. This energy is ideiiliiicd liy Herzberg with the excitation energy of 
tlie high pressure caibou bands. The procuss is according to him one of 
chcmiluiiiiucsceiice and the observation of Johnson and Asundi tliat ilie 

high piessure carbon l)andsare completely isolated in Uie smoky juiffs outside the 
discliarge while in the iialh of the dischaige itself the bands are absent, supiiorl 
this view. If this is correct, as it seems likely, the lowei limit of dissociation 
energy of Co is accurately determined as 3.6 volts. Met /.berg, however, g(jes one 
step further and suggests tliat the high piessure cailiun bands do not involve a 
new electronic level but are extensions oi the Swan system and form indeed 
tile v' = 6 progrc.ssion. 11 this view is correct, a seiious difficulty arises in 
visualising the jirucess outlined above. One lan understand the excitation ot 
v ' -=6 progression in Cm on tile basis of ilie availabiiity of energy of 3.6 volts, 
but it is rather surprising that the excitation should exhibit such great selec- 
tivity that practically none of the lower vibrational levels are excited. If it is 
true that the high pressure carbon bands are really extensions of the Swan 
system, this great selectivity of excitation can only be reconciled by the introduc- 
tion of a new phenoineuou the so-called inverse induced jivcdissocialiou. Thus 
according to Ileizberg, the two carbon atoms which form C2 iccombinc only 
when they apiiroach each other on a potential curve from wJiich a radiationless 
transition into the upper stale of the Swan bands is possible under the ac tion of 
a third particle. Once formed the molecnile will not i^redissociate again 
except alter collision (induced predissociation). No other example of such 
inverse induced predissociation has, however, so lar lieen observed. 1 lie 
observation that the bauds aie very .strong in ilie glowing cloud sarroimdiiig the 
main path of the discharge in the experimental tul)e is taken as evidence of 
the cheiniluniiuescent nature of exciatalion brought about according to this 
mechanism. Asundi and Pant (1942), however, have found in spectra of gases 
excited by high frequency discharge only these high piessure carbon bands 
to the exclusion of all other bands of Ca including those of the Swan system 
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obviously in the path of direct discharge. Before tlie coucejd of inverse induced 
predissociation is inv(^kecl, it becomes, therefore, necessary to investigate in 
detail the cxi^eriiiieutal evidence for regarding the high pressure carl)ou bands 
as extensions of the Swan system* As far as vve are aware, no definite evidence 
has been adduced to i)rovc that the high pressure carbon bands are extensions 
of the Swan system. Ihilcss this is [»rovcd unequivocally, there is no need fui 
the conceptirm ol inverse induced predissociation and the value D(CJ = 3.6 
volts will have to lie regarded only as the lower limit. 

( )iie argument in stihpo^'t of the view that the high pressure carbon 
bands are extensions the Swan system may be that tliese bands api)ear to 
fit in the (v v^') scJieme ior the vSwan bands forming the v^“6 piogrcssiou ii the 
following formula‘s for the heads is used : 

^0354 -9"*" 7^5-3*'^“ 16.351''* — qv'*) -*( 1625.91''^ — io.g5v''^) + 1 .8^' ... (Ill) 

'riiis evidence is collected in Tal)le 2 in which the wave numbers of the 
baud heads, as recorded by Jolinson r9::j7 for the Swan system and 1)y Jolinson 
and Asiindi (Joe. di.) for the high pressure s^’^stem, are given alongside the 
wave numl)ers (in italics), calculated from the above equation. The agreement 
between the observed and calculated values is indeed remarkalile. I'his, how- 
evei, is mainly brought about by the last term, i.8v' v^\ in tlie equation. TliUh 
ii the values are calculated ignoring that tcrin, we shall find that the agreement 
between the obseivcd and the calculated values which is as good as one can 
exi)ect irom an ccjuation representing the heads for bands oi low quantum 
numbeis, becomes increasingly worse for higher quantum numbers. These 
data are collected in Table 3, The theoretical significance the term i.tS v' 
is not very clear and in earlier literature this term has been used to bring 
greater agreement lielween the observed and the calculated values wlion band 
head tlata were to be expressed by means of a formula. Evidently it serves to 
lake into account the varying distance between the liead and the origin of a 
liand and also the irregularities in the vibrational levels brought about by 
various causes such as iierturliations. ! It is not possible to separate the con- 
tributions of these two effects by this term alone. The fact that the (O — C) 
values become uiiusualE^ great for higer quantum uiiiriliers in this Sjiecial case 
seems to indicate the existence of strong irregularities in llie spacings of the 
vibrational levels. This is further confirmed as we shall see presently when we 
discuss the data in the liglit of the equation for the origins of the ljands of the 
system. 

(Generally the 19, equation is not found to be truly representing a band 
system ; further 111 some cases because of ill-defined heads, the measurements 
may not be very accurate. If, however, it is possible to do fine structure 

• ' Report ou liaud Spec tra of Diatomic Molecules ’ by W. Jevons, pp. ii, 61 and 62. 

\ 'the cubic term in v' in ctiri. HI would apparently indicate perturbations, vSuch a term* 
however, is not needed if origins arc used, c.g., eejn. 11. 
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aualysis nf the bands of the sysleni then the system cun bo truly rcprosonlotl by 
equation. Fine structure analysis of each band ,L;ivos and \\o can tlnis 
find (vo-i'/,) expcniueiitally for each band, 'Vliis value can also bo calculated 
theoretically by the equation : 


■ 4(B'o Bn" 


IIV) 


where By^ ^^i^d v, have theii usual si.enificance. The variation ol v>, Ironi 
Vy, from band to band is of great iniportancc in chocking the analysis. It is 
easy to deduce from the above cxprevssiou that for the bands degraded towards 
the red (B' < B'b the interval increases with diminishing r' (v" constant) and 
also with increasing iv' lonstant) provided 3H' ?> IV^ and for the l)ands degrad- 
ed towards the violet (B' > B'b tlie interval increases with increasing v* (i)" 
constant) and also with decreasing t'' (<’' constant) provided B' 3B". ^l‘he 
vSwan bands and the high ]>ressure bands are degraded tow aids the violet and 
so the variation in the interval must inciease regularly with iin'reasiug i/ (u'' 
constaul) and also with diminishing r" ''i' constant). Table .] gives the inter- 
vals. ]n italics are given the theoretically calculated inteivals (lojii. IV) and 
ill normal iypv the intervals obtained from the origin e(]ual ion and llie Iiead 
data given by Johnson (1027) for the vSvvau bauds and Johnson and Asiuidi (loc, 
(ii ) for the high pressure carbon bands. The values for origins and heads arc 
given in Talile 5. For such of llie bands marked I'y values directly oliserved 
arc available and these are exactly the same as tln)se calculaled by the eiiuation. 
vy values for some of the bands of the high piessure carbon system can be 
determined approximately by the data given by Joliigsoii and Asundi. Tiiese 
are, however, discussed later. The values of used in the tabic are those 
calculated by Joliiison’s equation. It is se'^^* from 'l able /\ that llie interval 
regulaiiy decreases as it should, in going fiom the (C), {)) band to liighei 7/' 
values for a fixed v^. The (() — C) values for the intervals (Table o) also indicate 
this regularity and are negligibly small ni» to and including bands with — 4. 
Indeed, the average (O — C) of about 3.8 cm"^ for the lout bands (o, o), (o, j), 
(i, i), and (i, o) for which the origin data of vShea (1927) are available, wdll 
practically vanish if Shea's data are used. They are, however, large for bands 
wdth7;^-5and arc very mueb more so for llie bands of the high i>rcssure 
system which are regarded as forming tlie v' — O progression of the Swan system: 
It may be further remarked that the bands with v' — s b^^ve very low intensity 
so that the baud head data ou them will not have the same accuracy as the rest 
and high ^O — C) values may, in pait, be due to this cause. 

This discussion indicates either that the high pi essuie carbon bauds can- 
not be regarded as extensions of the Swan system or tlial violeiiL pcrturbalion 
occurs far bands with — 5 and 6. Since the fine structure analysis of the 
bands having v'=s has not been done, it is not possible to decide between these 
two alternatives. There is also no other electronic level known in C» which 
can bring about this perturbation. Hence it is not possible to prove conclusive- 
ly by -this evidence alone that the high pressure carbon bauds are extensions 
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f)f the Swan system. IL should also be mentioned that the two bands with 
-i;' — 5 iec<jrckd by Johnson may not be ]L;ennine bands at all but chance accumula- 
tion oi slnu ture lines of bands prececlinj< them in the sequence. vShea {loc. cii,) 
records only one ol llieiii vie-, (5, 4) band. If, therefore, these tw^o bands are 
neglected the Swan band system definitely ends vvjth 7/= 4 and hence the high 
pressure carbon bands have to be regarded as forming an independent system. 

IJu- sec ond argument which a])pears to favour the view that the high 
pressure carbon bajids are extensions of the Swan system is probably the 
intensity distribution. Thus if the Condon parabola for the vSwau system be 
exleiideil to higher quantum numbers, it appears to pass through bands which 
arc relatively more intense in the high pressure system. It must be remember- 
ed, howevei, that in the first idace, the intensities ivccn'ded are photographic 
intensities visually estimated cmly and arc to be regarded as descriptive rather 
than qnantilalivL. vSecondly, all the bands are not recorded under identical 
curidili(ais of excitation and on oJie plate. Johnson and Asuridi have already 
drawn attention to the main features of the jjeculiar intensity disliibution in the 
high pussiire carbon l)aricl system wdiich has a nolaI)lc minimum at about the 
(o, 6) liand. vSimilar oscillating intensity phenomena are ol>served in certain 
other band systems (Jolin.son and Jenkins, igjO). Therefore this evidence from 
tile intensity distribution i an at best i)e rtsed only as a subsidiary evidence. 

We .shall now' discuss the experimental evidence in favour of the view 
that the high pressure carbon bands form an indejiciulent .sy.stcm : — 

(a) These bands are olilaiiied not only in tlie smoky puffs outsicTe the 

jiUth of the discharge as in Johnson and Asundi’s experiment (19-29) but also in the 
direct path of the discharge as recorded by Asuiuli and Paul (1942). This means 
that clKinilumine.scence is not the only mode of excitation which will Iniug up 
these l)ands. Asundi and Ikml have observed only the liigh pressure 

carbon bands in tlieii exiiernneiits on high frequency discharge to the exclu- 
sion ol all other l\and sy.stcms due to Cy. 

[b) Although a complete analysis of the rotation structure of the high 
l)ressure carbon bands has not been done, the fine structure data recorded by 
Johnson and Asundi (/ct, cit,) allow us to extrapolate the origins of the lour 
bands for which the data are recorded. The origins thus extrapolated can at 
least be regarded as up])er limits. This allows us to find out the low^er limit of 
the distance between the head and the origin in these bands. The values thus 
obtained are given in column 4, Table 7, and can be compared with the values of 
(I'f;— V/,) given in column 5 calculated as before by equation IV, assuming the 
high pressure carbon bands as extension of the Swan system. In colimin 6 are 
tabulated the values of the doutilet separation of the high pressure cai bop bands 
as observed by Powlcr {loc. r/7.). These double heads as already pointed out 
by Johnson and Asundi represent the P and R heads. The data of Fowler are 
admittedly inaccurate but it is seen that the values given in column 6 are of 
comparable magnitude if we keep in view the two limitations, viz*, that the data 
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In italics are the calctiJated values after being corrected for the temi iS r' i.l., according to equation 
^ =^19354-9+ a 625 .oi'"- 10.95*^"-) - 

In normal type are the values as given in Table II observed by Johnson and Johnson and Asundi. 
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Denotes that the value is directly observed 
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arc not accurate and tlic difTercncc represents the distance between the P and U 
heads and not that between the P head and the origin which will be the greater. 

Taulk VII 


v'' 

Vi, 

v^, observed 

oliscrvcd 

{v,,-Uh) 

' ealculated by 

1 erj nation IV 

i 

Doublet width 
Fowler (1910) 

A 

2288.i 

22934 

SI 

j .'>2 53 

64 

5 

:U,yu 

2141U 

49 

: 27.12 

73 

« 

169 :o 

1A976 1 

S" 

{ 17 S8 

5 S 

1 

1 

KS,Si« 

i.S.S ‘15 j 

27 

1 TO 00 

SI 


'fhis tal)lc clearly shows that the moment of inertia of the molecule 
emitting the high pressnte carbon bands is not correctly given if the bands are 
regarded as extensions of the Swan system. 

(r) There is yet another experimental evidence which is fully discussed 
by Johnson and Asnndi {loc.dt,) and which also favours the view that the 
high i>ressLire carbon bands are to be regarded as a separate system. This 
concerns the triplet electronic interval. It should be lemcmbered that the 
high pressure carbon bands are due to a transition between two triplet 11 levels, 
the lower of which is, without doubly the same as tliat of the Swan system. If, 
therefore, the high pressure carbon bands did not involve a new electronic 
initial level, the triplet width should be the same as that for tlie vSwau bands. 
It has been observed, however, that the triplet width in high pressure carbon 
bauds IS greater than that of the Swan bands. This is in perfect agreement 
with the view that the initial electronic level of the high pressure carbon bands 
is not the same as that of the Swan system but lies higher. Since the triplet 
widths rei)resent the dilTcieuce between the triplet separations of the initial and 
the final stales, tlie fact that the triplet width in the high pressure carbon 
l)aiuls is greater than in the vSwaii bands, is a consequence of the regular 
diminution in triplet width for the higher excited ‘^H level of the high pressure 
carbon bands, 

Thus wc see tliat a certain vibrational extrai)olatiou of the Swan bands 
can include in that system the high pressure carbon bands also. The peculiar 
iiiteusity distribution may also to a certain extent support Ihc^clusioii of the 
high pressure 1 Kinds in the Swan system but there are serious difficulties for 
tliis view. One is that the vj values for the high pressure carbon bauds 

calculated on this assumj)thm do not agree with the values which can be 
deduced from the observed data. This will then mean that we shall have to 
assiune the existence of a strong perturbation of the level of the Swan 

system. Such a perturbation can be brought about by the vibrational terms of 
another electronic level which possesses the right properties for such a perturba- 
tion. No such electronic level has been so far observed in the Ca molecule* 
A study of the possible i)otential curves of the Ca molecules indicates that the 
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existence of such a peilurbiiig electronic state possessing vibrational levels is not 
very jirobable. On the other hand (lu’' J values as well as the increased interval 
between the triplet components of the high pressure carbon bands as comiiared 
to the Swan bands indicate that the high pressure carbon bauds are to be 
regarded as an independent system. The controversy can, therefore, only bo 
resolved by more complete data oil the rotational structure of the high piessure 
carbon bands. In view of this and of the fact that the high pressure carbon 
bands can be excited by methods which are not necessarily chonnliuniuesceut 
ill nature, has to be reserved as to the existence of the phenomenon oi inverse 
induced prcdissocialion which is necessary to explain the great selectivity of 
the bands, if they are net an independent system but only extensions of llie 
Swan band system. 
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ON THE HYPER-FINE STRUCTURE AND ANALYSIS OF 
THE COMPLEX LINE X 3842.82. sp"D;r5p.'’P,. IN THE 
FIRST SPARK SPECTRUM OF ARSENIC IN THE 
ULTRA-VIOLET-REGION 

By S. K. MUKFRJl 
(Plate VII) 

ABSTRACT. Tin- li\ pL'i'-liiK '.Init'lurL (if the- (■uuii)k'x lint' ^p."''J)3-5p''|‘.^, 

in llif Jitsl i.i);irl.- .'.pt'ctmin of nrsenic in (lif nllia-violct regiiju lia*. I)CC'U investiji^ati'd usiujj 
:i (piai I/. laininifi (ilalf and a watt-i-iDtdtd IkiIIow calliodc discharge tul'O. 'i'fii.s line lia.s been 
oliscru'd as a ui ll rcsulvcd (jiiaiU'l willi a ('(laiic struclinc. flic ctnnpoiicnt.s dcgradirig in iidcn- 
sily td llic violi'l Tlic'c cinnpoiicrds arc at inluvaN ul .?(jH, and 162 The predicted, 
Krii])liical, n sidtnnt and oliscrvcd i)!dleriis aic .slinwii diagrannnatically and compared. The 
rc.snitnnt and ohserved ((idtcrns have shown faiily good agreement, 'I'lie .analysis ha.s been 
made (ising tlic graphical melhoil ol h'i.shcr .md (ioiidsinit (rn.v.) and as.snming the unclear 
.spin of arsenic to lie j, !, a.s previonsit delci mined by llu author l.Mukerji 10,^7). 


I N T It (» 1) II C T 1 0 N 

T'lic liypci'-*hic stiiu'ltire of the fir.st spark spectiiiin of arsenic in tlie ultra- 
violet legion was first inve.stigated by tlie author (Miikerji, 1038), using a 
hollow-cathode tlischaige lube. In this investigation the fine structure of the 
complex aud incompletely rosoh'etl line sf)'' ' D.rSp. '’p:>. has been 

studied. Ill a previous investigation the autlioi (Mukei ji, 195^) has already 
.shown, as previously proposed by Tolansky (1932), lliat the nuclear spin of 
arsenic is 3/2. Therefore, in (his iiive.stigalion the niielear spin of arsenic has 
been assumed to be 3/e ; and the gross-structtire imiltiplct analysis of AslI lines 
as made by Rao (1033), and his Ijiic classification has been used here. Previous 
investigators on arsenic (/ci . i if.) who have studied only the visible region did 
not use the hollow-calhodo discharge tube wliieli is perhaps the best type fo 
discharge tube that will enalilc tlie Staik and Doppler broadening effects to be 
sulhcieutly reduced so as to obtain relialde nuiiiercial values of tlie striiclures. 


b; X r !•: r i m k n t a i, 


The reason as to \\ hy previous wtiikeis did not use a hollow-cathode dis- 
cliaigc tube appears to be lliat it is extremely difficult to excite the arsenic 

lines in such a tube. 'J'lie first attempt in this case to sputter arsenic lines 
proved a comi»lete failure, the lines obtained being too weak to be observed at 
all. Hut, as has been pointed out in previous papers (7) (1938), au iron hollow- 
cathode tube of the form designed by Pascheu and modified by Schiller, about 
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7 cm. Jong and i cm. internal diameter, served tJie purpose of tJie present investi- 
gation. The tube was water-cooled and pure helium was eirevdakd continuously 
through the tube at a jiressure of about one millimoler. The current employed 
was varied from 300 to 500 inilli-amperes at a pressure which wu.s varied from 
1000 to 2500 volts at the source. The arsenic used was of the purest quality 
free from all oxide. This was acheived by healing ordinary arsenic in vacuun\ 
and then allowing it to deposit on the sides of the hollow-cathode as a pine 
oxide-free coating of arsenic. v\ brilliant spectrum of AsII was then ob.scrved. 
The object M as to obtain, as far as possible, o.vide-fiec arsenic and this was 
simply done by deliberately omitting to heat the usual copiier oxide furnace in 
the circuit, so that an apiireciable amount of hydrogen was t'resent in the dis- 
charge. The hydrogen then combines with the oxygen of the arsenic oxide 
coating and reduces the oxidised surface to that of the pure metal which is then 
easily simttered. This is how a brilliant arsenic .spec trum in the hollow-cathodi. 
discharge was for the first time obtained. A certain mineral known as chabazite 
was used in liquid air traps as an ab.sorbcut in place of the usual charcoal. This 
mineral was found to be very efficient in absorbing the water-vapour formed in 
the circuit and it gave the other' advantage of not absorbing helium that was 
used in the circuit in any large proportion. Thus the helium supply to the 
discharge had not to be renewed too frequently. 

The fine structure of the line w'as exainiiicd by using a quartz Rummer 
plate in conjuiicliou wilh a Ililger li. spectrograph. Ilford Monarch plates, 
speed 525, were used for this part of the spectrum and the exposure time was 
varied from four to seven hours. 'I'lie temperature and iiressure variations were 
negligibly small audwcrc neglected iu calculations. But there were some lines 
which though fairly strong have only shown unresolved broad structures. 
Such lines are mainly the complex lines w'ith fairly high J values. The 
terms split up, as the analysis will show, into a number of fine structure 
levels givine a large number of fine structure components which can 
not be resolved by a lYUnimcr plate. The resolution becomes still more 
difficult when the widths of both the upper and lower terms are of the same 
order. Also on the shorter w'ave-length .side, iu the ultra-violet region, the 
Doppler width of the lines increases with the frequency as measured in frequency 
units. Also the Stark broadening and line width due to collision phenomena 
increase similarly, and consequently the jiractical separating power, as measured 
by the smallest frequency distance between two linos that can be separated or 
resolved, steadily increases with fiequency. With a complex grouj) of fine 
structure components in the ultraviolet no single component can be resolved, 
and therefore the only measurement i>ossible iu such cases is to determine the 
total width of the pattern. But this also often enables the intervals to be 
estimated from other well resolved lines involving common terms. The line 
under investigation has Ireen observed as a well resolved quartet wilh a coarse 
and slightly blurred structure. But out of a very large number of photographs 
tahen oiily a few showed good resolution of the line structure as during the 
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loi3j:i hours of exposure the temperature and pressure of the air do not always 
remain constant- Moreover, variations (3f temperature and pressure displace the 
fringes consideraldy, so that only those few plates were measured in which these 
variations were ne;»Hgible, and tlie lint structures fairly sharp. 

Tlie appaiatus used svas the same as described by the author in a previous 
cominunication (Joe. cii.) 'I'he cathode and the anode of the modified form 
of Scliuler tube em])loyed were both water cooled by continuous flow of 
cold water throne, hont the course of the ex])eriinent. As described in the 
I'jrcvioLis paper, liquid air cooled traps -were used in the circuit to absorb mercury 
vapour and other impurities. A quartz tube containing copper oxide and two 
pumps were also include<l in the circuit. The copper oxide lube was heated 
when necessary in order to absorb the hydrogen in the system while one of the 
])um])S, usually a hyvac rotary puiii]>, was used' to exhaust the whole system to 
a hard vaccuuin* The second pump was a mercury vapour two stage pump which 
when set in action served to keep the adiuitted quantity of helium in circulation 
in the whole system. Rxpo.sures were begun only after all impurities were 
absorbed, whicli usually took several hours. M'hc line structures of the lines 
Were examined by means of a quart/ Ruminer plate in conjunction with a 
ililger Ivj quart/ spectrograph. 'I'he stiongest component of each line is taken 
as the main or null line and llie separations of the rest arc given in units of 
cm.""* lo^'k 


ANAL Y S I vS 

As arsenic does not have an isotope, the structure observed here is of the 
magnetic type and free from com[ilicalions due to isotopy. But when the 
structure is complex and the components are iiicomidctely resolved as in the 
present case, it is found that the Fisher-(iondsmil method of analysis is parti- 
cuku ly valuable A brief description of this method of analysis has already 
been given by the autljor in a previous paper : 

Analysis of Ihc line, — A3842.82. sj>'’'‘D;, — 

This line is a well resolved quartet with a coarse and slightly blurred 
structiiic, degiaded in intensity and intervals to the violet. Tlic"intei'val factor 
of the lowci tcini is already known from the analysis of the line ^4371*4 
sp D;j* 5P 1^12* already reiiorled in a jircvious paper. Hence the interval 
facloi of the upper tciin can be obtained. For this jiurpose we will now 
make use of the Fisher-Goudmnit diagram and proceed with the analysis. 
It will be seen, as shown in the diagram, that this line fits into its graph fairly 
accurately at a ratio of lower to upper interval factors of 100 to 17.5 (approx.), 
that is, of 81 to 17.5. Hence the interval factor of the upper term is 14. The 
t)redicted intervals arc 316, 4^, 199, 35, 49^ 97^ 21 and 35. The graphical 
intervals are 316, 47, 199, 37, 51, 92, 19 and 40, The resuUaut intervals obtain- 
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Fig. I 

ed by detenninjng tbe centres of gravity of the close unresolved groups are 324, 
2S4i 175, and the observed intervals are 208, 278 and 162, which, considering 
the difficulties of accurate measurement, is a fairly good agreement. 
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'I’lie predicted, j-Uiil'li'col, resultant and observed patterns are shown in 
Fi,u. I. The I‘isher (londsiiiit diagram is shown in T^ii>. z. Plate VII shows the 
structure of the AslI line A3S4U.S2 whieli lias bectnne Iihirred in ret'roduclion. 
A very narrow photoitraph could only be taken as the lines aie extremely close 
lojjelher at this part of the spectrum. 
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SOME NUCLEAR DISINTEGRATIONS 

By M. K. SOONAWALA * 


ABSTRACT, Enclothennv and cxothermy df .several nuclear iliMtitegrattiui.'. Iiave Iticii 

studied. The radioactive tniclei .show prononnred exolhertnv with a rclca.sc ol enctirv per 
disintegration ranging from 165 Mev to jjo Mev according to the structure assigned to the 

nucleus. The potential depth within the iiiicleu.s varie.s fropi ahout x i,, ■i'' (or the .slnhle 
nuclei to lo"'-*" for the unstahle radioactive nuclei. , 

I he following is a study of the ciulothciniy and exolljertny of several 
nuclear disruptions, iiarticiiiarly of the radioactive nuclei, in light of the 
hypothesis advanced liy the writer (Soonawala, itwo, ii).|2). There can he 
little doubt that a nucleus is made u]) of smaller constilnenls, and the ]irotous 
and neutrons can lie the sniaiie.st of these. If the sum of the masses of the 
constituents is greater than that ol the nucleus, energy is re(]uired to break up 
the nucleus and the process is cndolhcTinous. Tiiis energy is equivalent to 
the difference of the ma.sses of the nucleus and its coiislilucnls. On the ( 4 hei 
hand, if the nucleus is synthesised from its const iluents, a similar amount of 
energy would be released and the process would be e.xolheiiuuus. Also 
euergy is liberated in Ihe fission of a niieleiis of mass gi eater Ilian the combined 
masses of its constituents. In the study of atomic niicle'i pi e.sented before, it 
was shown that the rare gas nuclei are, in all probability, tlie constituents of 
the nugiority ot the nuclei; and 10 Ihe.se, the lighter pai lieles such as alpha 
particles, neutrons and protons are added to make up the reiuuiuing nuclei. 
Wc may now' consider whetiier the disrii]'1joii of the various nuclei can he 
endothenuic or exothermic. We shall consider the main groups of eleiiiculs 
obtained by the synthesis of the rare gas nuclei, and the result is presented 
in Table I. One nucleus is selected from each group as repie.seutative of it, 
as the packing fractious and the mass differences would he about the same for 
the others. When known, the accurate atomic mass is used ; else, it is 
calrulatcd from the packing tractions as obtained from the siii(;otli cmve 
between the iiacking fractions and the logarithms of the atomic nias.ses. T he 
packing fraction of the nucleus of ma.ss 227 is thus taken to be 5. A is 
expressed as the difference of the masses of the const iluents on the one hand 
and the mass of the resulting nucleus on the other. 'Therefore, positive values 
of mass defect, A, indicate endothermy apd negative values exolhcrniy. 

The alternative hypothesis of the constituents being the light particles 
protons and neutrons can be also examined here. The results are set out in 
Table II of the syntheses of protons or neutrons taken ten at a time and the 

* Fellow of the Indian Physical Society. 



186 


A/. F. Soonawala 


mabses (»f tlie nearest actual nuclei are shown for comparison. We observe that 
cndolheniiy lasts till the synthesis of about mass 50 and gives way to exothermy 
at about 60. Again, if we assume a synthesis ol tlie alpha particles to form 
nuclei, even for a nucleus of such large atomic mass as, say, 22S, the dis- 
integration would he endothennic. I'or, the jjacking traction gives the mass 
of to he 228.11.5 while 57 X .}. 00216— 22S.T22. Thus, of the three hyiiuthcses 
considerid ti»r nuclear syntheses, the priAon liypothesis show's exothermy 
setting in too early, the alpha particle hypothesis indicates endothermy even 
for the heaviest nuclei, while tlie rare gas nuclei hypothesis shows exothermy 
to commence decidedly just with the radioactive nuclei. 

It [?I ( ) A C 'l‘ 1 V N TJ C ly U T 

* 

Nuilci 2of>,2oyf and 20S . TIil tliruc radioacliv^c series, urauiiini, actinium 
aii<l llioiiuni, Icnninatc in the end products of atomic masses 2 (j 6, 207 and 

1^08, ail isolopcs ol lead, l>y snrcesrjive alf)]ia and beta ray changes. Our 
liyjfolhesis reverses the usually ascribed role of parent and progeny, and these 
three nueiei are taken to be the parent ones Irian wliich the others ensue by 
hirtlier synlheses with aljdia or beta j)artic]es. The rare gas hypotheses ascribes 
the slMU’ture Kr i X lo each 01 these nuclei. The nucleus 206 can be 
syiitliesised as 12S + 7S or or i 82, the nucleus 207 as 120 + 78, 

and the nucleus 208 as j,-j() + 78 or 128 I 80 or 126 + 82. 'The sum ot the masses 
of the cTaisiilucnts, the mass of the resulting nuclei, and the mass defects are 

sliown in Table I. 'flic disintegration of these three nuclei is cxolhennic and 

# 

tile energy given out ranges l^etweeii 160 Mev and 168 Mev, 

The structure ascribes to 206 is shown as follows : 


78 

so 


78 

0 


— 

0 

(„) 

+ 5 T' 


(281') 


There are the two c(]Ual end particles of masses 78 c:ach at a distance 21 
from each other, with a central particle of mass 50. An exchange ])arlicle of 
the proper mass and charge keeps moving between the end particles and keeps 
them tied up with sufficient energy. The central particle passes the exchange 
particle from side to side. Here wc shall follow the procedure adopted pre- 
viously (Soonawala, 192a, tcM 2) and the refei cnees arc to the equations there. 
We call easily See that formula (16) is also valid for the llirce particle system 
used here. For, referring to the end particles as 1 and 2 and tlie middle one 
as o, llie wave equation of the system becomes 


-r + 

I'll 








(W."- V)>fr =0. 


where .Wi is tlie total energy and the total wave function. If 


=F(a.o, Ju. 2o). 0) and Wt = W? + W, 
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then, the equation gets separated into the two equations 
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and 


where 
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//Zo 


with the nsiial transformations 


r sin 0 cos 0, v^"" Vj= » sin s;n 0, and ,:j = z. eos 

The iiioinent of inertia of the nuelens (Soonawala, 104:::) 206 is 1.007.10“"'^", 
and this is also equal to 2 x 78 x 1.67 x io"''‘‘ x from wliieh 2 / - 1 .72. o*"*'*' cm, 
Wc lake this to he the lan^-e i/A, and caiciilatc tlie mass of tlw exchange 
particle from (2 1). 'I'his comes o\it to he 22.35 times the electionic mass. 

To find the potential depth V, wc now lakeU— “f*s [cqn.luz)). With 
M= 78, X 1 ,67 X c= 2.705. icr*^ cr^e, jtt v/lVh y //.A = 3U), Iwjn.lOS) becomes 


dx- //A" 


giving as the solution 


/eTrV'M* 

“-H'm 


0 


Therefore, 


and 


, .y 27rv/Ah; 

11 —L. 


//A 


id ^27r fi/ '}sh-: 
u /zA 


sin 


tan 


/2n' %/ A'h' 
\ //A 

/arr Ah 
\ li\ 


0 


Joining up the two values of u' ju as in (73), ai ao, 


1-(1/2 = T 




I - i.o.3.io‘‘'".V = 3io.tan (3 ioa .). 


Assuming Ao to be equal to about 10 '"cm, 310 . Au is small enough for 
lau(3ro.A(i) to be equal to 310 . a„. Hence, 

1 -i.03.io"".V = 3io X 3ro X a,,. 

The term on the right hand side is so small in comparison with unity that 
I — i.o3.io’''.V = o, and V = cj.7.io~“'. 

We should get closely similar values for the constants of the nuclei 307 and aoS. 

Nucleus 227. — It is known for certain that krypton is one ol the jiriinary 
])roducls of uranium fission and at least lour of its isotopes have been dis* 
covered-. It is also almost certain that xenon is another such primary particle 
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(Mcit ner, 1045). particles given out daring fission aie always 

of masses similar to tliose of xenon and kryidoii. Very probably, and 

X*’*'* aru such primary jnoducls, and Ba'^’M)eing their end products 

(Hcyn, & others, 1930). The combination of tlicse two nuclei gives a nucleus 
of mass which would be actinium or an isobate of it. The disruiition of 

this nucleus would Ije exotherjiiii' as seen from Tal)le I. The mass detect is 
o*:»5 unit, which is equal to 3.76.10"'^ erg, or 236 Mev. The i^otential depth, 
calculated as fur 206 abuve, is 1.7.10"^^^ and the mass of the excl»ange particle 
21.97x111,. ThiS nucleus is an illustration of the jirinciple noted above that 
we can have two nuclei of the same atomic mass and niimber but dill'erent in 
constitution, I"or, aliove is shown a two jiarlicle struLlure oi 227, while 
commencing with 207 we can have a six particle structure with five alpha 
])ai tides added to the nucleus 207. Another example would be to cemsider 
radon as a rare gas nucleus and follow up the radioactive series to 226, 230, 
234 and 23S. 

'rAIU.E I 


Nucleus and its 

jM asses of coiisti- i 



, 


mass 

tuent nm lei 

IMass defect 

V 

IM 

21' 

Na 21.0035 

19.9988 + 1.00812 

+0.0034 

... 


... 

Mg 23 992*1 

19.9988+4.00216 

+ 0 00956 

3.SX 10'^*^ 

29.''5 

1.37 X U) *2 

K 39 975 

3S y 755 +i-oo«i 2 

'l“n.O (»862 



• 

Cn 3 y 07'1 

35‘978ctH 4 (jo2j6 

H o.O(j6i6 

... 


... 

Ni 

3 y(J 7 i + i 7 y <»7 

+ 0.026 

... 

... 

... 

hr So, 926 

79 926 i 1 .00812 , 

-1 0.00812 

... 

... 

... 

Sr ^7.931 

83,928 -f 4.00216 

— 0.0008 

... 


... 

l\Iu 09 915 

79.926+19.997 

— f ».023 

1 

3 . 5 Xio' 2 «i 

20. j 

1 

J .85 X U) 

Cd. Sii 1 19.912 

79.926 + 39.971 

! -0.015 - 14 ]\Iev. 

... 


... 

Cs 132.933 

132.930 + 1.00812 

1 +0.005^2 

... 



ha 137.91^ 

1 33.929+4 ,002 10 

1 +1S01516 

1 3.8X10'^** 

7.01 

5.47 X 10^12 

R. E , 1 (M 3 93 ) 

123 93 ■'('5 9.997 

-0 003 

... 



R, K. II (169.92) 

I 31 - 93 + 37-97 

— 0.02 

... 


... 

RaC 206,038 

125.932 + 79.926 

— o.iS- 167.6 ]\lev 

1 X 10' 20 

22.35 

i.72 X Il >“52 

Ac Lead 207 038 

12VS.930+77.926 

— 01 72 — 1 60. 1 Mev 

1 


... 

ThLcad 20S.039 

1 27 936 + 79.926 

“■91 77=^ 164.8 Mev ; 


... 

... 

Ac 227.114 

13 ^^^ 93 + 

-0.25=236 Mev 

1 7 X 

21.97 

1.7s 


T^T ivS the mass ot the exchange particle expressed in the electronic mass, 9.03S k lo'®*’ giii, 
as the unit . 

2r is the distauce between the end particles in cm. 

R. H, I and R. E. II refer to the two rare earth groups. 
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Nuclei 235 and 239— These would result from addiliou of three or four 
alpha parlKlcs to the nucleus 2.7 with slightly higher energies of fission. 

Neutrons are also known to be the ]»roduct partiiles of uniuiinn fission ; 
and if they are assumed to be among the primary prodnet particles, then the 
above constitution of nucleus 227 would be revised to something like 
A +Kr-' +2 .h. = 227. This is on the assumption that two iieuUoiis arc 
eiiiittecl in the fission of 227. The energy of fission is, then, 3.517. lo"^ c-rg, or 
221 Mev. V cannot, of course, be calculated as before. Similar considerations 
would apidy to another nucleus, such as, say, 206. 

A few values of tlie I'Oteiitial depth are stniwn, and tiiese arc' necessarily 
a])j)ioximate. L.ven then we can discern a definite trend for the relatively 
unstable and e.xolhcrmie nuclei to have systematically sniallei values of V, 
indmatiiig projicirtionately smaller binding forces between the constituent 
liarlicles. 
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TRUE RELATIVE INTENSITY DISTRIBUTION FROM 
MICROPHOTOGRAMS 

By J. N. NANDA 


ABSTRACT flut li- )n lost f'f ir-ct»iisist<.nrv been nppHed tr; rotating wire gaiue 
M’l ('1 11 i\p[’ r;ili‘hrnti' 'll hu'IIkmI earlKM' (.V*? f/da, ^ ]q ] si, for nso in spetTrophoto- 

inrh'v Tlii^ ill vii e adliu 1) llie ((.'st in at le.iM liie- range of \vav(>lengtli'i 3,000 to s*oO(i S 
willjin 1hi --('ll Um'Ii* oi l!n hririit i -la yt-r photo-cell nncropliDt-nitTer. Tkirlier ralibrn* 
lion of \Mirius ici’ 1- Ir en .iii 1 com i lci aiivin is found to ho correct from coinpiirisoii with 
llie sJf coiiM' lull ii]\irsi inctliofl 

Tilt Clft cl nf linitc wi-llli of (In sputrograpli and inicropliotoineter slits is considered 

ill (Il iad In the stinh' of sluirt) lint-., the dispersion of tlie spectmgraph must he siu'h that 

Hm' half widlli t o^'rl . a jnt alcr length on the plate than that coveted hy the nioiioehroniatic 

iniagf ol the slit. It is "how n that the modified contours on accoiinl of finite slit width have 

less ('in vatuu than (lie liiu ones, though the areas under (he (wo are cc|ual. 

Among the methods of nica^^nriiig the intensity distribution in miiTophotoineter slit 
image, it is nccii tiiat dilit rent latiun of the payern of a straight edge is most convenient 
and mav also 1m advantageously used to detcrniiiie the pinity of an image foimed by any 
microscope ohicf'tive 


'I'lio iiiicroi/liotonicter deneclions depend on the intensity of the blackhiing 
on the photoglyph and the characleiislic sensitiveness of the light-measuring 
device being employed in the micro] ihotometer. As the response of the photo- 
graphic iilatc as well as the lighl-measmiiig device is not always linear with the 
iiiteiisily of light incident on each, the deflections are not simply proportional 
to the original intensities which were photographed. Thus even if effect of 
Onitc width of slits have been allowed for, the deflections have to be reduced 
to true relative intensity magnitudes by some calibration device. The usual 
procedure is to gel on the same photographic plate some exposures with pro- 
portionally reduced intensities ; and by measuring these for the same setting 
• tracer light inlcnsily, gah'aiiomctcr sensitiveness, record to plate ratio) of the 
inicrophouictci . the dellecliotis for known ratios of intensities can be determined,. 
The set of calibration curves with A are indcpciulcnt of slit widths, i»rovi(led the 
original distribulion is uiiifoim oi as in practice shows a slow' variation warrant- 
ing the neglect of such efl'cets. From these curves the intensity relative to 
maxiiiuiai, corre.spoiiding to any (jbserved deflection at any wavelength can be 
vastly determined. 

A large number of devices are in vogue for this calibration of photographic 
plates. A brief description of some of these is given in a paper by Ditchburn 
(1927). It has been show'll by the author (1945) in a recent paper that the 
simple wire screen type device has the largest sensitiveness and can be considered 
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best for absorption si)eclroi)Iiotonietry, for tlic reasons discussed there. S:u\yer 
and Vincent (1943) have pointed out that any of tliese calilaation devices should 
be used only after ascertaining their self-consistency. The method of doiiiK 
this according' to Harrison (1920) is to see if tlie coninion portion of any two 
calibration curves obtained by the device for two different initial intensities can 
be made to coincide by the same proportional sliding of one curve along the 
intensity axis, (irossman (1943) has found that the inverse square calibration is 
self-consistent and can serve as a check for any device. 

It is alteinpted to show that the wire gaii/c screens calibrated from area 
considerations, give practically the same reduction of intensity as obtained by 
the calculated inverse square illumination. The iineise square check could be 
applied only in the visible or the near nltraviolel (A - 3,000 to A --5,000 as the 
ultraviolet sonjee (the long water-cooled hydrogen discharge lube usetl iti 
previous work) could neither be regarded as a point source nor could it be 
conveniently moved about to give inverse square intensity. A ground-glass screen 
was illuminated by a i>oint-o-lite lamp. 'l‘he ground glass was focussed on 
the slit by a suitable lens placed in the middle. Between the lens and the 
ground glass the shoit wooden tube capable of rotation in ball bearings was 
placed in which different wire gauze screens could be fixed. By keeping the 
distance between the lamp and the ground glass fixed, certain exposures were 
given with the same time of ext)osure and different wire screens (labelled 
76.5%, 53 5%, 23.0%, etc.); lati^r the wooden lube was kept cnij>ly while 
expo.sures for the same time were inleispersed with the previous ones on the 
same plate (Ilford process) for different distances of the souitc from the ground 
glass. The ratios of successive distance to the first being V133 : i, \/3 : i, 

V3 : I, V'4 : I, exposures of true relative intensities 75%, 50%, 33 %)» 
wei’e obtained. The ground glass is used so that light cone of the same w'idth 
enters the spectrograph slit whatever the distance of the source, thus not altering 
the geometry of the si)eclrograph optics 

After developing the plate carefully, sets of inicropholomeler deflections were 
observed for different exposures at the same wave lengths. To guard against 
the effect of photographic grain and any irregularities along the breadth of 
exposed strii.)S, tlie inicrophotoiiieter slit image was kept at .ts maximum length, 
viz., 3 mm. The calibration curves were obtained from the two methods under 
coFiiparison, at different points on the wavelength scale. The curves were found 
to coincide practically (P'ig. 1). In view of no special precautions being taken 
to eliminate any variations of the light source or to ensure that there is no sliglit 
displacement regarding A for points on the same curve, the maximum variation 
of 5% (which occurs only in small intensities) in the two sets of curves can be 
taken to be not much outside the experimental error. Taking the mean values 
from all the curves the labelled values may be altered to become 76*9%, 56*0% 
23 * 4 %. 

As regards self consistency any two curves for the calibration device, 
of the type obtained in figure t, were tested and it was found tliat tlicir common 
5— 1576P-5 
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IKjrtions could (niakinj' a iiroporlional shift all aloug llieiii) slide into each other 
(fig. 2). I'he divergences in the slow portions are due to poor accuracy in this 
region. 



■“> Ifilcnsitv 

Coinparisfui of wire* gan/c (o) and 
inverse snuare ( x l ralihraliori inethods 
niffcTcnt eurves are for different* inaxi- 
nuim inlensiti<'s. 

Fl(i. T 



t , 


t» 20 4ii So nn)% 

Intensity 

Self eonsisleir'v of the w ire gaii/e eidihration 
method in tlie visii)le region — points marked 
( X ) are obtained by transposition fioin other 
curves, • 

Fig, 2 

I'he iJiicrophotograiTi can be directly converted into iuleusities using the 
calibration curves "only if there were no modification of the contour, by the 
finite width of the spectrograi)h slit and the inicrophotoineter slit image* 
Changes brouglil about by these effects are prominent only for distributions 
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that are Quite close as in the Cttsj of resonance liiU's or lines in absor[ 4 ion, l^el 
Ub first consider the distortion on account of tlie sp^cliograph slit. 

Following the notation of Van Citteit, in the coherent case to which 
the method of slit irradiation in actual practice corresponds, the slit image for 
inonochioniatic light of frequency v gives an intcnsiiy distribution. 

""0)d + S/CV'o ... (i) 

wliere the function s/fa) = / (sin a/cx)c/(x and vo = v'(/ where Vo' the 

0 ^ 

hall angular width of the slit viewed from tlic centre of the collimator lens. 
Similarly 0' is the angular distance of any point Q from tlie i)oint Poi where ilie 
nioiiochroinatic light reaches the plate after dispersion in the same specliograi)h 
with infinitesimal slit-width, v\hen viewed from the centre of the camera lens of 
the spectrograph, d is the aperture of the i)ri.sni, etc., causing dispersion. 

Let the incident light be of a contiimous distribution T/Ti» or on the 
plate if photographed llirough an infinitesimal slit. If as a special case 
= a conslaut, in an ideal case any point P will simi)ly have an intensily 
ordinate '1 0 while in actual practice tlie point P will lie on all parts of curves 
analogous to with maxima at all points on the pliotographic plate. There- 
fore, the resulting intensity at P is just proportional to the integral of the curve 
with f/». Tile consiant of proportionality in }(pM can be known if the 
resuitiiig constant intensily is to be iulei preted as To. Thus 


To -To 


/ 

■' X) 


-t <rj 


-i r. 

dfp, or j d((>— 1 

1 x 


For the distribution given by (1) the consiant is I/^:^ Now let T*^, v 
vary with v 01 in the same meaning with (p. To find the resultant intensity at 
P corresponding to v, \vc have to write 


♦ 'ji 

J 'iiptt' }^,ii dfp 

- QO 


(2) 


For integration, occurring in J can be taken as a constant for tlie narrow lines 
under discussion. The above integral can give results anywhere near the 
distribution T only when dibtributioii J is much closer than T. If the original 
distribution does not extend beyond J of tlie monochromatic image of the slit, 
the photograiihed distribution will only be giving something near the mono 
elironutic iiiuge distribalioii for all 'f, howevji* the maximum amplitude shall 
depend on total intensity under the T-distribulion. 

It is clear that this inoditicaliun of T-conlour is only due to the resolution 
of the spectrograph, the least icsolvable limit further levels out the original 
distribution, as ill sim]de words the limiting resolvable distance Is tlie size of 
slit image even if an infinitesimal slit is illuminated by monochromatic light. 
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Another effect occurs due to a limiting resolvable distance of the photographic 
emulsion, tliis levels out T/, u still further. 

. For usual spectrograph slit — width, the observed intensity, neglecting other 
eflects, will be iJiactically similar to the true one excepting for very narrow lines 
whose half width in terms of ^ becomes of the order of the half width for 

Hie monoclnomatic slit image (H,. -.63^ for optimum results for coherent 
airangeinenl). Il is thus clear that for studying any line of a given oidcr 
of sharimess there is a minimum resolution of the spectrograph which must 
always he maintained* When this considcraiion has lieen kept in view, 
the area of the observed curve vvliich is generally needed for line intensity 
will be exactly equal to the true one. It will be clear from the accompanying 
treatment regarding effect of finite width of inicropholomcter slit image, 
lhal the w idth of a line that is uneffected by these effects is between the points 
of inllexion lalherthan between those of halt intensity amplitude. 



A— T*' is the act uni iuteusity clistril)Utii)ii. 

U on aeooiinl of spc‘elrf)grnph slit 

v\ idlh. 

C — T(;/iO on aet\»niit uf finite resolution of 
11 iL' speelrogiapli ami pliotograj)hie plote 
as ^^ell. 

The eiirves out at the pninls inflexion, 

Areas under all the eurves are e(]nnl. 

, r'lG. 3 {a) 

Heforc proceeding witli the niicrophotoiiieter hlit effects it will be iualriic- 
live. to study how successive distributions arise, (Kigs. 3). 'I'y <' in figure (3a) is 
the modified curve obtained by the changes brought about by finite spectro- 
graph slit in the true curve T*' 'c.g., of au ohsorntion line). Ty.i- will be 
i'urtliei levelled out slightly 011 accouut of limiting resolving power of the prism 
((,) and the photographic emulsion (ij) to give T (t, j, v). The T- distribution 
will now give au I'-dislribuliou of the photographic blackening; for simplicity 
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F has been considered exactly similar to T. This 1' or T, -distribution gives the 
J-distributiou of Fig (3b) standing for microphotoincter beam intensities at 
different points; Ji*' includes the effect of iniciopholometer slit width wihle J 
does not, for the same T-distribiition. Tlie J-distrib*lion will further give the 
recorded curve D of deflections of the inicrophotouieter, and again for simplicity 



Js—on account of inodiricalion of J by (he 
width of the iiiicrophotorncter slit 
J (iiiN'es arc always iian\»wer than T 
curv'C’S (opposite for ciiiission lines). 
This nc(‘essitatL's iisc f)f talihration 
device even in the tlctcnninalion tf width 
of s pc* dial lines. 

Fig. 3 ib) 
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Ts-curVe is obtaineil if Js-ciirve is directly 
used without first correct iiif? it to jjet the 
J -curve. 

Area A is less than the areas 15. (opposite 
for emission lines). 

Fig. 3 'C) 
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J ami D can Lc regarded as exactly similar, otherwise these too can be inlei’ 
changed by an experimental conversion curve (Fig. 4). 



" 3 6 0 12 15 

] Jelleclioii (l)j 

vSciisitivciiess curves of the Ught-iiuaMu- 
iiig device iu the inicropimloiiuter, 
obtained bv ’nverse square illutninalion 
Dtfleclion can be conv.crtfd into relative 
l)eani intensities fnun such a curve 

Fig. 4 

The observed calibration curves obtained even from a practically uniform 
si>cctral distribution, and ext)ressed as a relation between J and T can be applied 
to any observed contour, only if all disturbing effects were absent. To get 
true T-curve, the J(.v, r, J, v,) curve is corrected first to give J(r, 7, v) and by 
the application of the calibration curve, T (;, j, I'j is obtained, which when 
corrected for the sundry effects gives '1'*^ Ordinarily when corrections are known 
to be small and not considered we get T (.v,...v) distribution of figure 3(c) and 
not the T-distributioii. 

It can be shown that area under the complete curve T*' is equal to that 

under I'/.f, and also the same rule holds for the complete curves J. While areas 
under TU,--,), 'r or D are only approximately so. L^augesth and 

Walles (1934) have calculated graphically the difference on T curves to be 

capable of being represented empirically by the formula A — 16A0/’" where Ao 
is the iTiaxiniuin absorption amplitude (here) and /> is the ratio of the effective 
slit-width to lime half-width. The A in case of absorption lines is opposite in 
sign to that considered by Langesth and Walles, and so area under the T, curve 
will be slightly larger than the true one. The area under T.,, T is practically 
the same and tliis fact has been used by Minkowski (19:36) in his determination 
of radiation damping from total absorption rather than from integrated 
absoiption coefficient, in case of sodium D lines, 'i'he area under /v> (the 

absorption coefficient) curve is not safe to work with especially if T(^',...) falls 
to less than 20% in the centre as small spurious changes here give large error 
in k curve. The spurious effects described by Korff (1931), apart from those 
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of slit widths, are due to defective focussing tlie creci) of tlic image ou tlie emul- 
sion at high exposures, aud general scattering of light inside the spcctrograpli. 

To take up the emergence of J, in place of J, let .v or v' stand for the distance 
along the plate, then at every point PU'), the lransi)areiu'y of the plate is given 
by Jar' corresponding to the blackening F.v' at that point. When the point 1’ comes 
exactly at the centre of the intensity i)attern S( \ - v') of the slit image, the beam 
intensity (or deflection) Jr,.,- is said to correspond to P(,v'). Kvidcntly J.s, .r is 
the convolution integral of the contour J, and the pattern S(v-.v'i. 'f'lni.s we have 

f;v'+a 

Js ''= 1 J(v) S{\-x') d\ ... (r,) 


where 2/3 is the effective width of the slit image, /.e., S = o for | | >/3. 

In the ideal case of an infinitesimally nanow slit, the S function foi correct inter- 
pretation of lesnlts is the 8 function i.e., unity at a = v' and zero at ail 


other points. In the finite case, for constant J(.v 


and for regarding il as actually the .same constant 


5 V+/3 

S 

.v--|9 

■t 


S(.v--.v')(i V 


S(a-.v')~i ... (,]) 


which gives the correct value of the constant in the S function. 

Repeated integration of R.II.S. of equation (,t) above by parts gives 


Jb ^'= 


J(^)ir'Sf.v-.v')-J'(.v)D-“S(.v 


.v') + j"(-v)ir\%v-A')- 


jv'-f a 

k'-a 


where negative powers of the operator D stand for the order of repeated integra- 
tion. Since the function S is much more close than J(.r), which is important 
and as alternate D’s have negative and positive symmetry, we can write down 



“ 






J(.v' + /3) + J{.v'-^) 

D-hS(.v-.r') 

0 

J'(.vM-/3)-JM 

x'-fi) 


\x'+» 

D-'Sfv-.v')! + 


j(x') + ^ r'(-v) 


21)i-j9J"(a-')2D2 + J"(.v')21)3 


|ir^'S(.v-.r')| 




15^ 

( 6 ) 


The meaning of symbols Di, D., etc., is obvious. For any particular S distribu- 
tion these integrals can be worked out for small fl. 'fwo special cases may be 
considered : — 

(t) S(x-x') = a constant for a/S about .r' and zero everywhere outside 
this range. From consideration of (.t), Sfx—.r')™ 1 / 2/3 and the result is 




(7) 
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TvlTc'Cls like- those of limited resolving power of the prism or the grating in 
the spectrograph and that of tiie photographic emulsion, aheady referred to, 
can he treated like this case in the first approximation. 

(iii When S his got some <»aijssian or such symmetrical distribution within 

the range of v it may l>e put as and outside this range as zero. 

7T 

Thus 

+ v'u +" - (8) 

Tractically similar results arc obtaitied if were any other expression 

like S/^l «( a -. v') I oi S^l where vS/ has the usual meaning and vS/o 

/ cx . 

" (J<x. Such cases arise whenever slit effects or in 

0 cx- 


other words iiiiiited resolving power on account of finite slit widths is considered. 

Krom (7) and (8) it is obvious that for the points of inflexion where 
J"( v'j = 0 we have Thus as pointed out earlier the distance between the 

points of inflexion is independent of slit effects. It is also obvious that neglect- 
ing higher order terms than the second, the complete areas (01 the areas in the 

symmetrical halves) fjs,x'dx' and are equal, 'riius the area A in fig. 


3 is eciual to the areas Ib However similar areas are not equal on the blacken- 
ing or on the deflection curves when these are not proportional to the illumina- 
tions. It is also clear from equation (7) as to how the curve always faces 

the concave side of Jx'. For usual graphical calculations in connection with the 
slit cITects, those of Ivangesth and Walles {/or, cil,), only the first term in 
(5) is kei^t in view and 


Jn .r '= J 




(9) 


It must be clearly borne in mind that when a particular line has a distribu- 
tion closer than that of the photometer slit image the observed distribution will 
in no way be near the real one but it will tend to correspond to the S distribution. 
Only in this case the inaxinmni amplitude will be proportional to the area under 
the original curve. Thus for any photometer slit w idth h = 2/3, Hire contours only 
of larger half width than this can be studied. Therefore, b must be small. 
Bui one does not gain much by reducing h to less than the value required to give 
a resolution equal to that of the l)hotographic emulsion. The least distance that 
can be resolved by a photogra^ihic fine grain process emulsion is 12/x according 
to Mees (19^^ I ), and the slit distribution wdth a given purity of a projected slit 
width about ion can resolve distances up to 10^ according to Plaskett (1934). 
So b should at least be kept of the order lOM. 

For determination of the purity of the microscope objectives as well as the 
theoretical resoUilioii of the microphotonieter, the determination of effective 
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.width of the slit image aud the intensity distribution inside, is of interest. I'he 
simple procedure followed by Sandstrcun (1.933) of regarding the difference 
between the breadth of a microphotogram of a fine scale division at the foot and 
at the top as four times the effective breadth of the slit is evidently incorrect, 
buch a method can be applicable only if the intensity distribution inside the slit 
image is uniform falling suddenly to zero at the extremities, hven then the 
difference in breadth is only twice the width of the slit image and not four times* 
Also the microphotogram must be first corrected for the non-linenr response of 
the barrier layer photo cell employed in the Siegbahn design. 

Plaskett has obtained the distribution from the inicrophologram of tran- 
smission across a narrow opening as a cut on an Al)be test plate. However 
this is an unnecessarily laborious method. The simple method of a straiglil 
edge mentioned also by liim may be considered in the b>llo\viiig way. In 
Fig. 5 the intensity distribution (I) inside the slit image is represented jis being 



A straight edge traversing the slit image. 

Fig. 5 


progressively unscreened by an extended obstacle with a straight edge 
any variable point P of plate falling on the x' centre of the slit image when 
straight edge is at the beam intensity is given by 

J(a:') = 


L ' 


S{x^x^)dx 


For 

the 


(10) 


Differentiating (jo) \vc get 


fix' 


= vS(x-^'')-vS{^) = S(.r-.^:') 


since S(/J) = o. Thus we have simply to get a microphotogram when a straight 
edge traverses the micropliotometer slit and then differentiate, at every point, 
the J curve computed from the deflection curve. Fig. 6 a gives such a micro- 
photogram in case of Siegbahn instrument of this laboratory. Fig. 6 b gives 
intensity distribution derived from it. From the record to plate ratio the half 
Widtln is found to be 25/i in this case* Slight structure clearly shown by the 
curve (also visible through a high power microscope) and the large wddth must 
6— 1676P--5 
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lie ascribed to the causes as have been given in connection with methods of slit 
irradiation by Stockbarger and Burns (i93i)> namely, coherent illumination of 




Mii'ropholo^p niii vvlicn o ‘•iraiijlif 
IrnvtTsrs (lie slit 

Fk;. 6 (a) 


o .1 .2 -3 4 .5 111. 111. 

*-> Distance. 

Intciisitv (list'i ilmlion inside tlic inuiire 

(•1 a niitM‘f.plj()lMnn ti*r slit 

D«»iil)linL; lip is diu‘ to inn >n eel selliii)^. 

I-ID. 6 ih) 


primary slits of about double tlic size necessary to ^ivc single maxima. * Tbc 
double structure was actually rcmioved by readjustment on simply rcLUcing the 
primary slit width inside the illumination unit of the microphotojiieter. The half 
width, at present is about ()/<. 


C O N C L U S I O N 

(1) In ab.sorpliou spectrophotometry the necessary calibration of individual 
photographic plates must be carried out by a self-consistent device. The rotat- 
ing wire gauze screens have been found to give a seli-coiisistcnt curve within 
the sensitiveness of the photo-cell arrangement. Inverse square comparison of 
the transmissions of different screens known from area consideration gave 
satisfactory results inside llie wavelength region studied (process iilates and 
point-o-lite in glass source). 

(e) For the given resolution of a spectrograph, lines of certain minimum 
width alone can be studied. Otherwise the spurious effects cause the calculated 
transmission in the centre to be very much different from the actual which may 
lead to totally erroneous A'l ’s. The effects of limited resolving power of the 
dispersing agent in the spectrograph and that of the photograpliic emulsion can 
be distinguished from the effects of finite size of the slit iiilages for the spec- 
trograph and the niicrophotometcr. The calibration curves obtained especially 
from a source of uniform spectral distribution are free from all levelling errors 
described above. However, the observed contours must be corrected for all the 
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errors, before the use of the observed calihratiou curves can be made to give 
original intensities. 

( 3 ) All these errors individually tend lo level out the contours, i.c,, 
depressing the convexities and lifting the concavities of the cm ves, the points 
of inflexion rcinaining undistur1)ed. Nevertheless, the coini>lete lucas ot the 
true and the disturbed curves in each step arc eijual. 

(^) Microphtograni of a straight edge gives an easy and accurate method 
of knowing the intensily distribution inside the slit pattern in a micropliotonieter 
assembly. 'Idiis method may also be applied with advanatage in testing the 
purity ol the image given by a microscope objective. 

A C K N 0 \V T. Ti 1) n ]\I I-: N T 
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THE EFFECT OF TRANSVERSE MAGNETIC FIELD ON 
THE LONGITUDINAL JOULE MAGNETOSTRICTION 
EFFECT IN NICKEL 

By OM PARKASH SHARMA 

ABSTRACT. TIjc eflci'l of :i trnii.svi'r.s(! iiia}»iictii; liekl on the longitudinal Joule 
niagnelohtrielioii effect in nickel, prcdict'td b.v Williams (J912), ha.s been oh.servcd for low 
value.s of longitudijial magnetic flclil.s. Williams’ (1(127) nietliod of combining mechanical and 
optical inaKinTieation.s has been used, v'^inci Ihc magnification of the present apparatus 
is in.sullicicnt, no (juuntitativc conclusions have been drawn. Accoiding to a view 
of Williams, the effect is possible caused by ilie iniposition of the transverse field on the 
speeimen, longitudinallv nnigiieli.sed. However, it has been explained on beeker'.s Ideas, 
a.s.suniing that the elfect of a trail, sver.se field is ('(juivalcnt to that of tension. 

I N TR 0 duct J on 

Tl’.c idicnonieiui oi iiiagiietostrktidii j.c. changes in ilnuensions esiiecially 
of fenoniiignclic siihstanccs, when snbjecletl to tlic at tion of magnetic Jieltls, 
have been knov.n situ e long. In lyu S. K. Willlains Hoc. cil.), on the' basis 
of his so called IManclesiinal theory of magnetism, mentioned the possible 
occttrrencc of an adclitioiial change in length due to imposing a transverse 
magnetic field on a longitudinally magnetised rod of a ferromagnetic material, 
I'he author has not eomc across, in the existing literature, any attempt that 
may have been made to detect this effcel. Recently I have observed such an 
effect of a transeersc field on a longitudinally magnetised rod of nickel. The 
effect of the transverse field comes out to be an increase in the ordinary 
magncloslriclive coulractiou. 

As the largest magnetostrictive changes are of the order of 10"'’ cm per 
nnit length of the material, it is necessary to sufficiently magnify them before 
they can be visually observed or suitably recorded. Out of the various methods 
employed, the combination of a mechanical and an optical lever has been the 
most frequently used. In this work also such a combination with a magnifica- 
tion of ‘I.67 X 10' was used, hut since the phenomenon observed undM- the 
present conditions involves ex^ceediugly minute changes, the present study can 
only be said to be of a qualitative nature. 

APPARATUS 

The apparatus used is shown in diagram. A solenoid (4) wound with 
enamelled copper wire (S. W. 0 . 22) on a wmoden bobbin, 17 ems long, with 
an internal diameter of i inch and having 2400 tumes in all, rests on a suitable, 
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very rigid brass frame work. This consists of two l)rass i.laUs, A and H, of 
which A is permanently fixed at one end of the rod <e), whereas H is caii.dile 
of sliding along the length of the rod and may he fixed at a desired p<'sition. 



There are two sti'ong and stont sii|)porls (3, 3) similarly held on the rod (2). 
A double walled copper cylinder (9), through whieli water can be circulated 
fits symmetrically well inside the - solenoid by three copper rings (9b). The 
nickef rod, (above 00% pure but the purity has not been tested) g ems 
long and .40 cm diameter, has its two ends soldered exactly straight to two 
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exteusiuii brass rods each in diameter (shown in section diagram), and is 
axially and centrally placed inside the solenoid, (or the water jacket; care being 
taken to allows it complete longitudinal freedom of movement. I'hc symmetry 
of the rod inside the solenoid is achieved l)y the fact that not only the double 
walled copper vessel is symmetrically and tightly held inside the solenoid 'but 
also that two glass sleeves arc fixed as shown (ga) of just the internal diameter 
as to allow the free sliding of the extension brass rods without any sideways 
moveinenl. The free end of one brass rod has a sharj) steel needle soldered 
to it, the tip of the needle resting in a jewelled screw, wliilst the free end of 
llie Ollier l)rass rod, which is tai>percd to a point presses against a glass plate 
fixed ou the shorter arm of the mechanical lever (7) with an adjustable lever 
lalio. On the longer arm of the mechanical lever, and at about a distance 
20 ems from the axis of rotation (6), is slid a small brass sleeve. The axle of 
tlie oi>ticaI lever, having a diameter of i. 00 inin, is prepared from a thin steel 
needle. A small portion of the axle is filed Hat and a small mirror attached 
to it. I'lie oj>lical lever is then supported in jewelled bearings mounted in a 
brass yoke fA')« 

One end of thin copper wire (vS. W. (T .|S) is soldered to the brass sleeve (6). 
The wire is given one turn round the axle of the optical lever (kept at the same 
level as the brass sleev^e) and is kept taut by a 10 gms weight soldered to its 
other end. 'fiwo teriiiimals (not shown in the diagram) are fixed on the brass 
rods (which form the contimialiun of llie nickel rod) for passing the current 
through the specimen, ''riic rod is electrically insulated from the other parts 
of the apparatus by annular glass sleeves. Two other brass rods (1,1) are used 
to ensure rigidity of the apparatus and a rod (cS) to avoid any yielding of the 
support of the optical lever. Any changes occuring in the length of the 
specimen on magnetisation, are observed through the telescope on a vScale placed 
at a distance of one metre Ironi the optical lever. 


P X 1’ K R 1 ISl K N T A Iv PRC) C K D V> R K A N P R E S U k T S 

Calibration of the solenoid: Let 2b be the length of the solenoid (Fig. i), 
a its mean radius andL? its centre. Taking the axis of the solenoid as axis .of X, 



Calibration of the solenoid 


Fig. I 
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the magnetic field at any point P, where OP=.v. is given by the expression 
(Pidduck) 

H= + l-x _ 1 

L + (/ + A )=} i W + (l~~x)y^ J 

where 77 =niiniber of turns per ctn. 

/“ current in amps. 

H = field in gauss, 

The values of the field (H.u/) at different points along Hie axis of the solcnoiil 
for /—I amp,, as calculated from the aliove cx])ressiou are given in 'I'able 1 and 



Variation fjf H with distance fi\ ni lli». 
centre of the solenoid. 


Fig. 2 

graphically shown in Fig. 2. However, to dcterniinc the actual values of the 
field, a small search coil, 2 ems long, wound on a glass rod, with enamelled 
copper wire (S. W. G. 38) with 263 turns, was placed along the axis of the 
solenoid, the search coil being at a particular position. A current of j amp"^' 
was passed through the soleiioidal winding and the field obtained from the 
inductive throws of the moving coil ballistic galvanometer. The search coil 
was then shifted in steps of one cm and the field ( ) obtained at different 

places along the axis of the solenoid (Tab. i) and graphically shown in Fig. 2. 
It is seen from Fig. 2, that the field is sufficiently uniform (within 2%) in the 
central region occupied by the rod. The experimental value (144 gauss per 
amp) is, however, lower than the theoretical value (i6g.6 gauss per amj).). 

* Actually observations were taken with three values of the current, nanicly, .7, i.o, and 
1.4 amps. 
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The specimen rod was denia^netiscd in a separate solenoid by passing a 
suitable xalitL (jf y\.C. 5'» c.p,s, reducing it slovVly to zero and then carefully 
uiouiited ill the solenoid. Known ( urrents were passed through the solenoid 
and the corresponding :>cale deflections were recorded. 'File changes in the 
length of the specimen due to temperature variations being quite slow could 
be very v\ ell difl’euntiated from those due to the magnetic field, which are 
instanlrnujius. Still, to minimise any temperature effects due to the heating 
of the solenoid, llie current llirough the solenoidal winding was passed for 
short intervals. Asa furthei preeaulioimry measure, water was kept circulating 
through the double walled coi>per cylinder surrounding the specimen. 

A set of readings for tlie Joule magnetostrictive changes was recorded for 
low values cvf the longitudinal magnetising fields and, iminediatcly after each 
observation, a tiansverse magnetic field was establislied by passing an electric 
cm rent (5 amps) throui ji the specimen itself for a short interval, of the order 
of a second 01 so, the resulting sc'ale deflection being recorded (Table 11 ). 


7'Anriv II 

Show ing the effect of a transverse magnetic field on the longitudinal Joule 
niagnelostrictioii effect iu nickel. 
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Tlic deinngnelisation factor has not hoeii taken into account. 
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R It M ARKS 

With higher longitudiiia] fields, the transverse field being kept constant, 
the effect vanishes. Higher transverse fields were tried hy increasing the 
value of the current through the specimen, but it was found that even during 
the fraction of a second, for which the current was passed, the heating of the 
specimen was efficient to shift the /.ero reading appreciably, and give wty 
discordant observations. However, the efiect observed (i.c,, a greater com 
traction when an electric current is passed through the specimen) cannot be 
attributed to a teinpeVature increase, because an increase in temperature should 
produce an elongation and not a contraction, which is actually observed. 

Tt may be remarked that tlie effect, whcthci longiliidinal or transverse will 
depend upon the specimen. Thus if wc have two specimens both of the same 
si/.e and cut from the same rod, the longitudinal and transverse efi'ects will be 
different. This is due to the diiTcrent magnetic history and heat treatments of the 
specimen. That is why, as Heaps has shown, the observations of two indepen- 
dent observers, using difTcreni samples, cannot be compared with each other with 
any degree of exactnQ-‘Ss. 


I) I S C S SION 


From the above observations it is evident that qualitatively speaking, the 
effect of a transverse magnetic field is to double the Joule ma.gnetostrictive 
contraction for low values of tlie longitmlinal magnetising field but for higher 
longitudinal fields, there is practically no change observed in the ordinary 
contraction. vSuch an effect may be explained on Blocker's theory of magneto, 
striction, Becker has shown that within the region of technical saturation, a 
nickel wire under the simultaneous action of a sufficiently great longitudinal 
tension F and a longitudinal field 11, would be magnetised with the magnetic 
vectors making an angle the average value 0 with the axis of the wire, 
given by, 

cos&= (/) 

h 

where L is the technical saturation intensity of magnetisation and is the 
experimental value of the contraction per unit length when .saturated. and 
Ao.f, being constants for a jiarticular specimen, equation it) can be written as, 

cos 0=^ \ .H wdiere . 


and under such circumstances, the inaKuetostrictioii constants A„,„ for an nn 
stretched wire and Af,s for a wire under tension are related as 


(//) 


7— 15761’ -5 


Ai,-== 3/2 Ar„. 
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i c. to say the inaguijlostriction coutrac.tion in a stretched wire is 1.5 times that 
in an unsirctchccl wire- 

The effect observed is in close conformity with the above ideas of Becker. 
When transverse field is applied, radial contraction of the specimen results, 
with a necessary resnll of longitudinal extension (Heaps 1915). This longi- 
tudinal extension due to the transverse field being sufficiently small, docs not 
affect the original reading appreciably. However, to check tins point, the 
mentioned value of tlie current was passed through the s])ecirncn (longitudinal 
magnetic field being absent) and it was found that there was no change in the 
reading, which probably means that the longitudinal extension due to the 
passage of the current through the specimen (or the accompanying field) is not 
sufficient (Heaps) as to be detected by the present apparatus. It was found 
that the change in length dne to temperature rise, being slow, appeared nearly 
after ;v) seconds. However tlie present effect cannot be confused with the 
temi>erature effect, as the first one being instantaneous and the other being 
much slower the two can be very well differentiated, 'riius we suppose that 
the imposition of transverse field is equivalent to apifiyiug tension to the 
specimen. The reverse of this, /.r. that when tension is apifiied to a nickel 
rod, a transverse magnetism is developed, is clearly evident from equation (/), 
thus showing a reciprocity of magnetic and mechanical effects (Williams), 
(Mckeehan, 1926). 

Considering the rod to be initially magnetised by a magnetic field along 
OX (Mg. Th the magnetic vectors point along ()X. If such a rod is stretched 



the magnetic vectors make an angle 0 with ( )X given by eq. (/). Instead of 
stretching, if we apply a transverse field (H') along OY again the magnetic 
vectors will make an angle ^^tau"' OY/OX and therefore a tension should 
result. Under such conditions equation ili} will be applicable. The results 
obtained arc nearly ;,3Vo liighcr than the theoretical ones, however, the present 
accuracy does not allow any exact comparison. 

Idle above also explains the null effect in higher longitudinal fields, because 
as H is increased H' reinaiiung constant, the resulting tension is insufficient 
and hence there is no effect. However, with higher transverse fields, greater 
magnification and elimination of heat effects the exact quantitative nature of 
the phenomenon may be studied, 
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ON THE SPONTANEOUS EMISSION OF NEUTRONS 
FROM THE URANIUM NUCLEUS 

By S. D. CHAI TERJEE^ 

abstract. h boron*linc(l louisutiou cLuiiiLor (itlcd witJj Hit* spoiilmitdii,*. 

emission of neutroms from (he urariiniii nucleus has hccii ilctecteil. It is su^fgcsted (hat (liey 
are produced as a result of the spontaneous fission ('f uraniiun and that ,( neutmns ari' emitte<l 
per each such process. 


INTRODUCTttRY 

Soon after the discovery of the induced fission of the tnauiuni nucleu.s due 
to neutron honibardnient, it was realised tliat in Avliatsoevcr way the MaU*'''' 
nucleus divided itself, there imist be an excess of neutrons over that contained in 
normal nuclei of the same atomic number. 'I'here seemed to be two possibilities 
of getting rid of this neutron excess : 

(1) by the emissioji of a /?-ray, a neutron may be transformed into a proton, 
thus reducing the neutron cxce.ss by two units. 

(2) by the direct liberation of the neutrons taking place cither as a pait of 
the fission itself, or as an "evaporation” process from the resulting nuclei which 
would be formed in an excited slate. 

'Ihe evidence for the first process was obtained from the succes.sive /j-trans- 
forniatiou of many of the fission products. 'I'he direct emission of neutrons 
during the second process, was sought foi and obtained by several ex[»erimenters, 
employing various methods. 

Von tlalban, Joliot and Kovvarski (1939), measured the distribution of 
neutrons surrounding a neutron-source placed at the centre of a large container 
filled with a solution of uranyl nitrate. Another set of measurements was made 
in which a solution of ammonium nitrate of the same strength was used instead 
of uranyl nitrate. They found a 5% higher intensity in the former case and 
associated it with the production of secondary neutrons due to the induced fission 
process in uranium. The average number of neutrons produced per fission was 
calculated to be 3.510.7. Dod 4 et al (1939) also demonstrated that the neutrons 
produced during induced fission were fast neutrons. 

Further experimental evidence of neutron emission during induced fission 
was obtained by Anderson, Fermi and Ilanstein fi939). and Haenny and 
Rosenberg {1939)- 

The experimental investigations on the spontaneous fission of the uranium 
nucleus, carried out by the author, (Chatterjee, 1944) raised the interesting 
Question whether the process pf spontaneous fission of U is likewise accompanied 
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by the emission of neutrons. The following experiment was therefore under- 
taken to verify the correctness of the above hypothesis and also to determine the 
half-life period of the corresponding process. A preliminary report of our 
lindings was published in a note in Science and Culture (1944). 

P R I N C 1 1‘ Iv C 0 1' ')' II 1 ; M R T II O I) OF M R A S U R R M E N T 

A proportional cotinkr, lined with a thin layer of boron powder and filled 
with HF, gas is used. Owing to tlic comparatively high gas-pressure (~i atm), 
the countci is used as an ionisation chamber, in conjunction with a linear ampli- 
fier and a tiiyratron-operaUd mechanical recorder. The rate of counting of such 
an arrangement may be rt'pre.senled by 

A + H-l-C, 

where A represents the number of slow neutron-induced boron disintegrations, 
the resulting a-particles being counted. 

11 is the uuinbei of recoil nuclei iiroduced by fast neutrons traversing the 
counter. 

C is the number of other particles of high specific ionization passing through 
the counter. 

It is evident that 
A - VNti/'cr,.Ti. •+■ (NAp//w)RiiC‘ii. 

11 ~VN ^ iiv)<r{v)dv. 



where V = volume of the counter. 

N=the total number of nuclei per c.c. in the counter. 

NA = Avogrado’s number. 

Nn=the number of B'" nuclei per c.c, 
p=thc density of neutrons per c.c. with energies in the ijv region. 
<rB=the capture cross-section for B’" for neutrons of velocity vu. 

Ri)=the range of a-particles in boron. 

/x=atomic weight of boron (B”). 

i(r>)dr'=the current of fast neutrons of velocity between r and it -Fdn. 
o-(T’)=the recoil cross-section of the nuclei of the gas for neutrons of 
velocity v, 

S = the cross-sectional area of the counter. 

I(r)dTi = the ciuTent per cm®, of particles of high specific ionization, of velocity 
between n and v + dv. 

The limits of integration, tii is the highest and Vt the lowest neutron velocity 
producing measurable recoils, Va the the highest and the lowest velocity of a 
particle traversing the counter and producing enough ions to be recorded as 
a coupt. 
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It is evident that the counter is essentially a slow iieulion detector* 1 >ccanse 
crc» It can also be seen that the factor C is due practically entirely to the 
radio-active containination of the inner surface of the counter and that of the 
boron-layer; since the nuinl)er of penetrating heavily ioni/ing particles in the 
cosmic rays at the sea-levcl is extremely lou . likewise, tlie coniribulion of 
factor B (due to cosmic ray fast neutrons at seaduvel) is negligible. In fact, the 
back-ground of such a counter is practically solely determined by 

(i) the radio-active contamination of the internal surface layer of tlic 
counter and Ui) the presence of slow neutrons in the atmosphere. 

Owing to the high-value of the half-life period for the spontaneous fission of 
the uranium nucleus (as obtained in a separate expcrinienl and described in 
details in the Bo.vr Rcs\ Insl., (1945) the expected number of nculrons 

emitted by one gram of uranium per minute is extremely small in comparison 
with the back-ground count. The sensitivity of our arvangeineni has, therefore, 
been sought to be enhanced by 

(1) employing a large quantity of I^Ob (corrcsi)onding to i.::: kg. of metallic 
uranium), 

(.2) surrounding the I 'aOB-containcr with a tliick paraflin cylinder in order 
to slow’ down the neutrons, and 

(3) increasing tlie efficiency of the slow-neutron counter by using an opti- 
mum thickness of the boron layer on the inner surface and iilling it will) Bl^-gas 
at a pressure of 50 cms. of Hg. 

!• X r B R T M p: n t a h a r r a n c p: ]\i j^: n 'r 

The experimental arrangement is shown diagrainmatically in big. i. 'I he 
neutron counter consisted of a brass*lubc 5 cnis. in diameter and ^6 cnis. in 



length. The two open ends \vcre closed with ebonite di.scs fitted with amber 
plugs and earth guard rings. In order to prevent the occurrence of any paralysis 
of the subthreshold counter (Montgomery and Montgomery, u).ioJ, dueto.an 
electron back-ground of high intensity, the field-strength in the neighbourhood 
of the central wire was reduced by replacing it with a thick brass-rod of about 
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2 inins. diameter. The inner surface of the outer brass-tube was lined with a 
thin layer of amorphous boron powder (^o.i mm. thick) so that the range of the 
a-particles produced by the sB’® (n, a) jlyi'^ reaction was somewhat greater than 
the stopping-power of the layer. 'I'he counter tube was filled with BFj gas at a 
pressure of 50 cms. of Hg. The surface of the ebonite end-pieces within the 
counter was protected from the action of BFs gas by a thin layer of paraffin, 
while only piecein was used f 01 making the counter gas-tight. A potential of 
+ 1200 volts was given to the body of the counter, while the inner electrode was 
connected directly to the grid of the first tube of the proportional amplifier. 
'I'hc counter was operated in the ionisation chamber region. The pulses w'ere 
recorded by a thyratron operated mechanical counter. 

The U,,()H-container consisted of a hollow double-cylinder made of galvanized 
iron sheet, who.se inner diameter was just large enough to accommodate the 
neutron -counter tulic within i1. Thus we had a layer of UsOb of about 1 cm. 
thick surrounding the counter tube. 'I'he nretal container was earthed. The 
l^Os was prepared by ignitiug uranium-nitrate crystals. 

'I'he uranium container was further surrounded by a bigger double-cylinder 
of galvanised iron sheet containing paralTin of about 6 cms. thickness. 'I be two 
open cuds of the paraffin cover were also closed with paraffin bricks of suitable 
si/.e. 

I'he iieix'ssary measureiiient comiuises of the following steps : 

f 

(1) Deterninatiou of the back-ground of the counter, when it is surrounded 
by the paraffin cover. 

(2) Deterniinatioii of the effect of slow neutrons by interposing the 
luaniiim container between ihc neutron-counter and the paraiffiii cover, 

(3) Dctcniiiiiation of tlie effect of fast neutrons, any other penetrating 
ionivSing particle or y-rays emitted by U by keeping the uranium container in 
situ and removing the paraffin cover. 

(4) calibration of the over-all efficiency of the neutron counter under 
working conditions by means of a weak standard (Ru + Be) source. 

The calibration of the detector was performed by a method similar to that 
adoi>ted by Booth, Dunning and vSlack (1939) in their investigation 011 the 
delayed neutron emission from I 'ranium after the removal oL the source of 
irradiation. For this purpose, the U;j()h container was replaced by a weak 
(0,11 me.) Rn + Bc source. In order to maintain the symmetry of the arrange- 
ments, as far as practicable, the (Rn + Be) source was contained in a narrow glass 
lube of alK)Ut the same length as tjiat of the uranium cylinder and inserted into 
a nariow groove in the inner surface of the paraffin cover as shown in Fig. i. 
Care was taken to start the standardisation measurements about 4 hours after 
admitting radon gas into the glass tube containing Be, when the calculated rise 
of RaC from the pure emanation attained the maximum values. The effective 
number of ueiitruns per see. per me. from the (Rn + Be) source was taken to 
be 15,000 as recommended by Dunning el aL 
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results 

The experiineutaj results are presented in the following table ■ 

Tablk I 


Kxpt. 

Disposition of the expermi^iital 
arrangement 

Counts per 
minute 

Reiuaiks 

A 

Counter +paraftiu cover 

0.83 ±0.02 

Hack-ground ctfu l 

]\ ' 

Counter+UaOe cylinder 
^+paralliii cover 

■ 2.97 ±0.04 

Counts of slow iicnlrons per niimitr 
=- T{-A=- 2.74 

C 

Coimlcr + U308 cylinder 

0.85 ±u.n.^ 

Kllcct of ucutions ciniltcd (lircclly 
l>y uranium (ivitlmut being slov\'c<l 
down by paiaOin) C--A---0.02 

T) 

Counter + (Rn-H lie) source (u ii me.) 

206 ^ 

EiVicifncy of the counter i /.^So 


» Determined from the ratio of the actnal number of counts recorded bv the neutron 

counter to the number of neutrons emitted by the Kn+Ile source when placed in position 
inau\Tted in I'lfi. i- * ^ ^ * 


It win be recognised from a coniiiarativc study of (C-A) with (B-A) that 
uranium emits essentially fast neutrons. When these are .slowed down hy 
seatteiing in the paralTm cover, they produce an efl'ccl which is aiiproxiinatcly 
three times the back-ground effect. Iiicidenlally, it is also clear that the y-ray 
emitted by U has practically no influence on the nuniVier of counts per minute. 
That the observed increase in the number of counts is really due to the detection 
of slow neutrons was further verified liy covering the counter with a cadmium 
foil of 0.5 111. in, thickness, when the number of counts per min. lirac.tically 
clropiied clown to the back-jL» round level. 

Now, since the efficiency of our detector is only j in 4tSo, Ilje aelnal mnnher 
of neutrons emitted by i.? of uranium is 1027 per inimile. Assuming, as 
before, that the most abundant isotope (99.2%) of uranium, undergoes 

spontaneous fission, and that a single neutron is einiltcd ])er fission inoccss, llie 
corresponding half-life period comes out to be 3.8 x 10^ years. 

DISCUSSION OF TIIF RESULT 

# 

We have used two different methods to measure the half-life period of the 
products of the siionlaneous fission of the nraniuin nucleus. The first one des- 
cribed in the Transactions of the Bose Research Institute (1945), is based upon 
the actual counting of the frequency of fission by measuring the large impulses 
produced by them in an ionisation chamber or a proportional counter. The 
second method described in the present paper counts the number of neutrons 
emitted per given mass of uranium nucleus. Now, in order to calculate the 
mean fialf-life of the spontaneously disintegrating nucleus, we have to make 
some assumption as to which of the tliree isotopes of U, is undergoing fission. 
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For the sake of (kfiuitcness, we assume that the most abundant of the isotope, 
viz., is undergoing fission, based on this assumption, it is found that 


and 


'I'j^ — J .3 X 10 ' ** years by method (i) 
T/.^ = 3 .'S X 10 ’” years by method ( 2 ). 


We find that there is a discrepancy of the order of 3-4 the latio of the 
values (jf the mean life of spontaneous fission of T nucleus given by the methods 
(iland(2). The second value is ba.sed on the assumplion that associated with 
each spontaneous fission only one neutron is einiltcd. This discrepancy is 
removed if the assumption is made that on an average about 3.4 neutrons are 
emitted instead of one. This value is of the same order as that found by Dode' 
{he. ( it.) for the emission of fast neutrons associated with the induced fission 
of U nucleus, 'flii' value found will he independent of any particular a.ssunip- 
lion as to which particular isotope undergoes fission. It is obvious that the 
ahsoliilc value of '1'/ will change if it is found that some other isotope of 
luanium is responsible for the spontaneous fission ; but the ratio of the two T<, 
which gives the number of neutrons emitted per nuclear^ fission is independent 
of any such particular assumption. More precise cxiierimenl is in progress. 

The author is indebted to I’rof. D. M. Hose, Director, Bose Re, search Insti- 
tute, for his keen interest, helpful suggestions and discussion. 
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X-RAY DIFFRACTION STUDY OF DYED MERCERISED 
AND INTENSIVELY DELIGNIFIED JUTE FIBRES 

By N. G, BANERJEE, B. S. BASAK and R. K. SEN 
(Plate Vlll) 

ABSTRACT. Effects of tlio or^ank d>e-stuffvS mcthyk’iic blue and ctnigo-rod on the' 
structure of (i) raw jute fibres, (a) jute fibres subjeeled to inteiisiA e deUj’rufication. mul (,>,1 jute 
fibres subjected to iiiroinplcMe mercerisniioti have been stndied bv means of X-ruy«. In the 
case of intensive dcliRiiiticatmn it uasbmnd that the cellulose crystallites icmiiin niiiiKceted 
but theii orientations parallel to the fibre axes become tlcranged consnleialdy, This chanj^r' 
docs not take place cn incomplete delij^nification Thus it is conclmlcd tliat n fim lloii nf the 
lignin in jute cements the cellulose bbrils to parallelism in a jute fibre and pws strciit;tb to it. 
Ibis part of the lignin is more diilicult to leinove. The dve-slufls ere found lf> produce no 
effect on either the structure or the (>nViitalio]is of the I cl]n]<»sfi ('ri stalliles whether native oi 
mercerised No ehaiige could even be discerned in Ibe case u( the disheYiIled ervslallile 
structure of intensively deligmfied jute. 


I NT KODT CTl ON 

X-ray diffraction Study of cellulose fibres lias attracted the alleiitioii ul a 
large number of workers over more than a quarter of a century and tliis lias 
contA-ibuted intich to our knowledge regarding the crystalline slnuTiire of ccHii* 
lose and its derivatives. The unit cell structure of celluhise pioj>osed by Ihdaiiyi 
(1921) and later by Sponsler and Dure (19^6) were orthorhomliic. Later on 
Meyer and Mark (i92()) worked out a monoclinic cell with four glucose units 
per unit cell. A new type of monoclinic cell was lalei suggested !)y 
Sauter (ic)37). Gross and Clark (1935), however, concludetl that a niouocliuic 
cell with a=S.35A, 6 = 10,3 A, (‘ = 7.95 A and = is in best agieement with 
the experimental results. It has also been established tlial tlie cellulose Jihre is 
a crystalline aggregate consisting of small crystal areas (crystallites) sepaiated by 
the amorphous or iiilercrystalline areas. A crystalline area is built uii by the 
repetition of the unit cell arrangement of tlic glucose uiiits, mentioned above, in 
all directions. The cellulose fibres studied by X-rays are lamie, flax, hcinj), 
jute, etc. X-ray diffraction photographs of julc fibres have been taken in recent 
years in India liy Bauer jee and Roy (k).:]!) and the work has been followed by 
Sircar, Rudra and Saha (194,^, who are carrying out an extensive X-ray invesli* 
gatioii of jute fibres, Banerjee and Roy found that tlic ciystalliiie structure ol 
jute cellulose is indentical with that of ramie and other varieties of cellulose. 
They also observed that lignin and fat do not enter into chemical combination 
with cellulose in jute fibre. It has also been found that the partial delignifica- 
tions that have been studied in these earlier communications liave no effect on the 
sharpness of the X-ray diffraction spots showing that even the orientations of the 
crystalline parts of cellulose are unmodified. The effect of complete dclignifica- 
tion has been studied by us and the results form a part of the present communica- 
tion. The effect of dyeing cellulose fibre has not apparently received sufficient 
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attention of the X-iay diffraction workers. The fturpose of the present investi- 
gation is also to study by the X-ray diffraction method the effect of dyeing raw, 
delignified and mercerised jute fibres by organic dye-stuff’s. 

!•: X !• n k I M r<: n t a l 

X-ray beam from a Haddiiig tube run al a voltage of about 40 K.V. and a 
tube current of 5 to 7 milliamps after collimation through a nanow circular slit 
was allowed to be incident on a bundle of parallel fibres about i mm. in diameter 
in a direction ])er])endicular to the fibre axis. The camera used was a cylindrical 
one of diameter 6 cm. The circular slit had a diameter of about .5 mm. and 
length 5 cm. In a cylindrical camera the diffracted rays in the equatorial plane 
fall normally on the film and the diffraction sjiots on the equatorial Ihie are at 
equal distance.s from the centre of the camera thus minimising the intensity loss 
of the large angle spots that occur in a plate camera. This also produces a great 
increase in the range of observations in the equatorial plane. 

Photographs of the following samples were taken : — 

1. Untieated jute fibre 

2. Untieated jute fibre dytd with methylene blue 

3. Untreated jute fibre dyed with congo-red 

4. Intensively delignified jute fibre 

5. Jute fibre intensively delignified and dyed with methylene blue 

6. Jute filu'Gk mercerised with 25 'K', NaOH solution at a temperature 

between 25"Cand so^C for half an hour ^ 

7. Jute fibre mercerised as above and dyed with methylene blue 

S. Jute fibre mercerised as above and dyed with congo-red 

I'rom the co-ordinates of the positions of the maxima in the spots on the 
■'■different photographs their angular co-ordinates 0 and were determined from 
the relations 

= ^ and tan/i = ^ 

where .v=lmlf of the horizontal distance in the film between the two symmetrical 
spots on the .same horizontal line at the two sides of the central spot. 
y = vertical distance in the film of the spots from the equatorial layer line 
R = radius of the camera 

Tiie relation cos0 cos/u = cos 2^1,, then gives the angle of diffraction. The indices 
of the planes giving ri,se to the X-ray diffraction spots were determined by 
comparing the observed Bragg angles of reflection, with those calculated from 
the formula, 



sin® 

b‘‘ 


where = Bragg angle of reflection for the plane {hki) and a, b, c, 


are the axial 


lengths along the three axes; /i=augle between a and c axes; and A “wave- 


length of the characteristic radiation used. The values of o, h, c and were 
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PLATF VIII A 





'cl) — Raw I'll'*. 

(b) — Riflw JuIe" «iyO‘l lur-lliyltne blue-, 

(c) - - Haw Jure* rlyed conqo red. 

’d'j --- Raw Jute d^>liqfiified and d^e'j blue. 

-- Raw Jule delignilied. 
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la' Merceijsed !u[e 

i.b' ““ Raw lutp Mf^rconsf^cl and dyfxi 

(c’l -- Raw lute Mercerised and dyed lod. 
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taken to be those given by Meyer and Mark for (1929) the unit cell structure of 
cellulose. The indexing was facilitated by the knowledge of the order of the 
layer line to which a spot belongs. For this uniquely detcrniines the index k of 
the planes giving rise to the spots. The Bragg angles of rcAection for the 
different reflecting planes observed in the photographs of the different samples 
of jute and the calculated Bragg angles for the corresponding planes are given in 
the following tirifles. 


Tahi.r I 



! 

i 

ffn oljbcrved in the present investigation 


Indices of the 





reflection 

1 


- 

On Calculated 

iflancs 

Raw jute i 

Raw jute i 

Raw jnle 



1 

1 

j 

dyed Ijliie | 

1 1 

dved red 

■ 


lol j 


1 



7’ 18' 



7" 30' 

7“ 3 .S' 

7" MJ 

8 ^ (V 

lOl J 





120 j 




3 0 “ 6 ' 

10*' ir/ 

10* 12' 

10" !(/ 


021 J 

1 




10“ 18' 

002 


n” 5' 

11’ 3' 

11- 4' 

n" 

31 J 1 

1 




17“ 17' 

17“ 6 ' 


17'" 'Jt/ 

17’ 17' 


212 J 




1 

17“ 0' 

032 


17 ' 11' 

17' J 7 ' 

17° 21' 

17 * 18' 

004 


23- 1' 

23" R' 

23' 1' 

23" 6' 


Table II 


Indices of the 
reflection 
planes 

(^1, observed in the present investigation 

Oh Calculat'd 

Deligniticd jute | 

1 Jute delignified and dyed 
j v\ ilh methylene blue 

101 1 



7* iS' 


7" ^0' 

7 " 

8" 6' 

lOl J 




120 1 



10" 6' 

! 

JO** Jl' 1 

10“ 16' 





10“ 18' 

021 J 


* 


002 

ii“ 22' 1 

11" 18' 

11“ i8' 

032 

17" 18' 

17“ 18' 

if 18' 

311 ) 



17" 6' 

f 

17“ 20' 

17“ 21' 


212 ) 


1 

17' 0 

004 

22 ^ S6' 

22 * 53' 

23*6' 
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Table III 


Indices of tlie 

Bn abserx'cd 

On Calculated 

reflection 

plflties 

Mercerised 
jute fibre 

Jute mercerised 
and dyed blue 

Jute mercerised 
and dyed red 

loi mercerised 

S'' 55' 

5” S'V 


6" 3' 

loi native \ 

Joi ,, J 

S" F 

1 

5' 

7“ 5.V 

7* iS' 

8'' 6' 

mercerised j 




iF 0^ 

1 

Jol „ 1 

iF F 


lo" 54' 

3' 

I 

002 native ) 




iF i8^ 


. i<;f 1 'RCT or comi'lf. tk n i; l i r, n i r* i c a t i on of juti-; 

Frotn tlic tables it is observed that the values of olKserved for the corres- 
poncliiiji diffraction si^ots in tlie pholof^raphs of raw jute and peifectly deli^;nifled 
jute are within tlie limits of cxpiriinental enor, in conformity with the earlier 
results of comparatively milder deli^;nification. But in the case of coinj)Ietciy 
deliKuiljed jute (Plate VIIIAa) there is an ini|)ortant difference namely that the 
s]) 0 ls are no longer as sharp as those of raw jute (Plate V11IA«). They retain 
their sharpness along the radial directions but extend along the direcuons of 
Debye Scherrer rings so as to form arcs. This shows that the crystallites of 
retain their cellulose fisize but deteriorate as regards their aligumeiii along the fibre 
axis, A part of the lignin thus helps to keep the cellulose crystallites in regular 
orientation. This i)art of the lignin is more difiicnlt to remove while at the same 
time it does not produce any alteration in the cellulose lattice. From the above 
results we are led to the conclusion that in jute a bundle of elemeutary cellulose 
fibres are cemented together by a small amount of lignin to form a fibre in which 
the crystallites of cellulose are parallel. This fibre is again imbedded into an excess 
of lignin which is comparatively easier to remove. The removal of this excess 
of lignin does not produce appreciable change in the nature of X‘ray diffraction 
spots or the strength of the fibres. The removal of the more resistant j>ait of the 
lignin, however, produces a dishevelling of the fibres produ^iifg an extension of 
the X-ray spots as well as weakening of fibre strength. 

A C T 1 ( ) N or O R n A N T C D Y S T V V V S ON J P T R F I U R K S 

• * 

X-ray i)hoto,i’raphs of raw jute fibres dyed with congo-red (Plate VIIIAi))as 
well as with uiethyleue blue (Plate VIIIAr) and also delignified jute fibres dyed 
with methylene blue (Plate VIIIAe) have been found to be exactly identical with 
those of the corresponding undyed fibres as shown by the positions of tlie maxima 
(Tables I and II) and diffuseness of, the spots. The dyestuffs do not give rise to any 
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powder lines indicating that they enter the fibres in the amorphous state. Thi.s 
shows that not only the dyestulTs do not enter into the fibre crystallites but they 
are also unable to affect in any way the nature of the ceiiieiiting of the cellulose 
fibrils by lignin, far to speak of any chemical combination with cellulose. It i.s 
of special interest that in perfectly delignified cellulose also dyeing does not 
produce any change in the extension of the diffraction spots. So the dyestulls 
do not have any cementing action like lignin which would have produced an 
ordering of the crystallites and consequent shortenmg of the extensions ol the 
spots. 

X-ray photographs of jute fibres merceiised with 25% NaOH solution for 
half an hour at a temperature lying between 25 -^o' C were taken (Plate Vllllhi). 
They showed the superposed patterns of both native and meicctised cellulose indi- 
cating that the fibres were partially mercerised. X-ray photographs of these 
mercerised fibres after dyeing uith methylene blue (Plate VlllHh) and with congo- 
red (Plate Vllllic) were also taken. The patterns were quite identical with those 
of the fibres previous to dyeing as seen from the measuremeuts of the positions of 
the maxima (Table III) as W'cll as from the diffusencss of the spots except lor an 
extension along the direction of the Debye Bcherrer rings. This proves that even 
for mercerised cellulose the dyestuff has neither any effect on the crystalline 
structure of the mercerised cellulose nor on its aggregation, but a deterioration of 
alignment of the crystallites of both native and mercerised cellulose along the 
fibre axis takes place. 

The authors have great pleasure in thanking Prof. K. Ilauerjce for valuable 
advice during the progress of the work. 

INIJUN AS.SCJOIATiON Foil THE CllI,TlV\tlON oF SciF.NOK, 
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THE EFFECT OF TEMPERATURE ON THE ABSORPTION 
AND FLUORESCENCE SPECTRA OF IMPURITY 

CRYSTALS 

By S. C. GANGULY 
(Plate IX) 

ABSTRACT. The ahsorption and fluorc.se tine spectra of fiircen Anthratene crystal at 
different tciiiperatuies were .studied, .At ■i8u'’C (li(|uid oxygen lenipcratuie) a new ab.scrption 
hand has been observed anil at this U iiiperature the tliiorescciue bands get .sharper. As llie 
temperature is lowered below room tcmperafiire the absorption bands become mure and more 
intense and fluore.seente bands .sharper. At Icmperatuies above room leniperaturc the intensity 
of fliiorcscenee band.s diminishes and afisorption bands grow weaker and weakerwith ri.se of 
temperature. 


I N T ROD 1) C T I t) N 

l'*roin studies of the absorptions and fluorescence siiectra of single crystals 
of green anthracene the following important results were obtained itreviously 
(iQ44, 1945) by the author : — 

(1) The positions and number of fluorescence bauds of naphlhaceme are 
iudependent of exciting wavelength as long as the wavelength is not longer 
than its lowest absorption band. 

(2) If the crystal is excited by strong ultra-violet radiations from a Hg. 
arc (3650, 404 7AI in addition to the characteristic bands of naphthacene we get 
four more fluorescence bands which are due to anthracene. 

(3) With the change of frequency of incident radiation we find a change 
of intensity of the fluorescence bands ; thy; intensity is greater when Ihe incident 
light wave is an absoplion baud of the substance. The change of iutcusily is 
practically the same for all the fluorescence bauds of the substance. 

As the study of absorption and fluorescence spectra at different temperatures 
is expected to give much valuable iuformaliou about the nature of the jiliysical 
process involved in emission of fluorescence spectra and as~the study at low 
temperature has lx:en confined so far on powdered substances (1939) we have 
undertaken the study of fluorescence and absoiption of a single crystal at different 

temperatures including low temperature. 

♦ 

* E X P E R 1 M E N T A b 

Absorplioii al low lempeiatmc . — A single crystal of Anthracene with 
slight traces of Naphthanccne is taken. It is mounted on a copper plate (with 
a groove iuside) attached at the end of a thin copper rod. The copper plate w'ith 
the crystal in the groove is now introduced into a long narrow pyrex tube. A 
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copper plate just fitting the lower end of the interior of the tube and projected 
upward has been introduced for conduction. Tlic whole is now iiniuorscd into u 
double walled vacuum flask. White light i'roin a coiled-coil lami> is focussed 
on the crystal by means of a condensing lens. The transmitted liglit is received 
on the slit of the spectrograph. The absorption si)ectra at joT, ()X\ - io'T\ 
-ii7®C, — iSo°C is taken. For o"C, the lower end of the pyrex tube was filled 
with ice, for -lo'^C it was filled with ice and salt, for -ii7''C, it was tilled with 
solidified alcohol, and for —iSo'^'C liquid oxygen is taken in a dewar flask. The 
temperature is recorded by a ])enlane thernionicter. Tlie I'ig. (i) of Plate X 
shows the absorption bands at various temperatures. Time for each exposure is 
the same and current flowing in the janii» is kept fairly constant. Besides the 
ccntinuous absorption bands shorter than .105 a/ /4, we find absorption band at 
A35» 460, 491 1)1 which are all due to jiaxdithaccne. 

Absorption at high icvipcralur c. — 4 Tie crystal is mounted on the groove in 
a thick copper disc. TTie disc is placed well inside an elecliic heater both ends 
of which are oxicn. P'or uniform heating a hollow cr)[)t)er cylinder l)Olh ends 
of which are ox^eii is inserted inside the heater. T he lieater is held horizontally 
and adjusted so that light from a coiled coil lamp glasses thruugli the crystal. 
The transmitted light is received on the slit of a Fiiess spectrograpli. By adjust- 
ing the resistance which is connected in series with the healer tlic curienl is 
adjusted. By inserting a theriuoinetcr the leniperatiirc is recorded. Wlien the 
temperature becomes steady exposure is slaited. The current in tlic lamj> is 
kept fairly constant all through the ex^jcrimcnl. Time lor each ex])0sure is the 
same and pliotograx)Iis at different temperatures aic taken on the same plate- 
(Fig. 2). 

Fluorescence Spectra at Loio Tewperainre,— The crystal is mounted in 
the same way as it was mounted for absorption experiment. Light from a 
mercury arc is condensed on the crystal and between lens and the crystal a filter 
transmitting 4047 A, 3650 A, is interposed. The fluorescent radiation with the 
transmitted incident light is received on the slit of the huess vSpectiogiaxfii. 
The fluorescent spectra at room temperature (30^) and liquid oxygen tempera- 
ture (— iSo'^C) are shown in Fig. (3). 

Fluorescence Spectra at High Temperature.— The crystal is mounted 
exactly in the same manner as it was mounted fur absorption ?i>cclra at high 

temperature. The ordinary lamp is replaced by a mercury arc lamp and between 
the mercury arc and the crystal a filter is interposed winch transmitted only 3650, 
4047 A. Light from the Hg. aic is condensed on the crystal by means of a 
condenser. The condenser should be placed between the filter and the Hg. arc. 
By adjusting the resistance which is connected in series with the heater the 
current is adjusted. By suitable adjustment of resistance we maintained 50X 
and 75°C temperature inside the heater. When the tenqierature becomes steady 
exposure is given. Photographs are taken on the same plate and time for each 
exposure is the same (Fig. 4)* 
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R S U Iv T 

Besides the continuous absor]>li()n Iraiids shortcT than 405 in we find 
absorption bands at 435, 460, 4gj m fi which are all due to naphthacenc. From 
visual observation it is quite evident that with the decrease of teni])erature, from 
room lenii)eratiire the !)ands ^et sharpened. At licpiid oxygen temperature we 
ofrserve a new absorption bund which is very sharp, on the shorter wave-length 
side of 4ot nz//, its actual wave-length being 186 zzz/ji. (hi careful inspection of the 

If 

t»hotograi)hit will be revealed that tljere is another absorption band on the shorter 
wavelength side of this new absorption band. That is due to liquid oxygen. The 
blank exposure shows the presence of it. As the crystal was surrounded hy 
licpiid air it is clear that this is due to liquid air. The temperature was raised 
from 3(z'^C to and hence to 75''C. It is found that the intensity of the 

absoii)tiou bands gradually diminishes with the rise of temperature. 

Naphtliaceiie has three flnoiesceiicc bands at 408, 533, 574 jn/i. From 
the idale it is evident that as the tem[)erature is lowered below room temiicratiire 
the bands get sharper and tlie intensity sliglitly diminislies, when the teinperatiue 
is raised above room tcnqjerature, the intensity of fluorescence bands also 
gradually diminishes. 

In conclusioiia the author desiies to exjness his grateful thanks to Professor 
K. Banerjec, D.Sc., fur his keen interest in the \\oik. 

IX'OIAN ASS(JCI \TI<)N KOk rriK Cci/riVATTON or Sril'NCU, 

:jio, ItownAxAk, C'U.CeTTA. 
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MAGNETIC ANISOTROPY OF MOLYBDENITE AT 
DIFFERENT TEMPERATURES 

By AJIT KUMAR DU ITA 

ABSTRACT. The cliauuigiietir anisotropy and one of the prinripal MiMupiihilitics 
molybdenite crystals have been measured fiojn 7011” K dmMi to Sn ’ K. A( low U nipotaluus, 
the anisotropy tends to beeomc inclependeiil of the ktnpeiaf me and at hii;li tenipiMatuuw its 
variaticm tends to obey aj^proxiinnUly the Cinie law. Ihum the nature of the variation ol 
the anisotropy with tempeiature and the considerations rtf it^ stiuelnit‘, the pieseiue of 
metallic electrons haviii^^ tlu ir motions restricted alony, the basal plane lias been conclude d. 
An attempt has been made to study the behaviour of tln-se electrons in tlii' liylil of modern 
th Corel i e al i ti vest iy a t i r rn s . 


I N T U t) n n C T 1 0 N 

Molybdenite crystal belonL:s to tlic hexagonal system and oemrs in the 
form of a thin flake parallel to tlic basal plane, b'rom the consideration of its 
structure it has been decided (Ilultgreii, 10.32) that the binding between the 
molybdenum and sulidiur atoms in it are essentially f)f the co-valent tyf)e ; bnt 
the exact nature of the bonds that are formed along the ba.val plane is difficull 
to ascertain. The interatomic distances observed along that plane do nut 
support the prCvSeiice of ionic l)indings. Workers on stereo*chemi.stry however, 
suggest the presence of bonds of paitially metallic cliaracter. 'l‘Iiis view 
receives further support from its metallic lustre alrin.u. the cleavage planes, 
metallic reflection fiom its surface (uooi) (Coldenlz and Kahler, 1919-20) and 
from its apfireciable electrical conductivity along this plane. Moreover, molyb- 
denite liciiig a semiconductor the presence of free electrons in it does m)t 
appear iitii robable. The presence of free elections having their mobility restrict- 
ed along a plane should cause an enhanced amount of diamagnetism at right 
angles to that plane. 

The magnetic measurements on molylidenile single crystals (ipdd) showed 
that whereas its susceptibility along directions in the basal plane, Xj , the 

\alue -44.3 X to"® per gram, mol., the vsuceplibilily along tie hexagonal axis, 
Xh, is about ’-87.1 x to”® per gram. mol. /.c., the anisotropy is about 72 per cent. 
Thus our alTove conjecture receives much sli]>port from this finding. Now it 
seems proper to extend tliese iiieasureiiients to various other temperatures, IhjiIi 
liigh and low^ since it is known that the free-electron-susccf)tibility is exticinely 
temperature sensitive. The present paper gives an account of these measure- 
nients.* 

I? X P K R I M E N T A h 

Since the difference between the two susceptiliilities is easier to measure 
accurately than either of them separately, measurements have been made of the 
anisotropy X<o and of the smaller of the two susceptibilities Xi , at different 
temperatures. 

^ A preHuiinary report of these nieasnrcmcnts was publisljed hi Nature^ 166 , 19/^5, 
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U) Mi'nsurcmenls of Anisoiropy at Low Temperatures i 

” Before describing the actual measurements at low temperatures a brief 
description of the cryostatic arrangement for attaining any desired temperature 
between room temperature and So'* K will be given. The arrangement is quite 
similar to that designed in this laboratory by Dr. A. Bose (1940). Il is of the 
gas flow type. The flow chamber of the cryostat is a cylindrical double-walled 
coiJper vessel closed at both ends. It is made of thin sheet of copper and is kept 
inside a cylindrical Dewar vessel. The gas flow chamber contains a large 
number of thin copper discs perforated by small holes, the jdanes of the discs 
being al right angles to the axis of the cylinder. The discs are arranged in 
such a way that the holes in the consecutive discs are not in a line, so that the 
flow of tlie gas is turbulent and hence a thorough interchange ol heat between 
the gas and the cryostat is obtained. '1 he large mass of copper cmplojed 
ensures a steady temircrature, and due to large conductivity of copper there is 
very little teni])ciatmc gradient. Through a hole along the axis of the disc is 
inseiled a thin walled copper tuire in which is kept the specimen whose proi)crties 
arc being studied, '['he sjjace between the double walls of the copper chamber 
!S connected to a mercury manometer and constitutesf a constant volume air 
thermometer. Any change in the volume of air in this chamber due to tempera- 
tine change in the cryostat operates a sensitive relay which Controls the pump 
supplying the cold air [lowing through the cryostat. In actual practice, liquid air 
is sucked at an adjustable rate directly into the cryostat and the desired tempera 
ture kei)t steady within 0.1 ""C may be obtained. 

The measurements of the magnetic anisotropy weie made by the usual 
'torsional method. 'I'he cry.stal is suspended inside the co])i)cr tube of the 
cryostat, with its basal plane vertical. 'I'lic suspension for the crystal consists 
of two parts. The upper part is a line quartz fibre, which has been calibrated 
previously and the lower part is a thick glass fibre, sufficiently stout in compari- 
sion with the quartz fibre to be regarded as rigid, 'fhe whole length of the quartz 
fibre is above the cryostat, and is practically at room temperature all the time, 
so that its torsional constant is independent of the temperature of the cryostat, 
'rhe whole cryostatic arrangement is placed between the flat pole pieces of a large 
electro-magnet, so that the crystal remains in the centre of the field. 'I'lie upper 
end of the quartz fibre is attached centrally to the pin of a graduated torsion head. 
The torsion-head is initially adjusted so that when the crystal takes up its natural 
orientation in the magnetic field, namely with its basal plane along the field, 
the torsion of the fibre iszeio. If the torsion head is now slowly rotated from 
this position there will come a stage when the equilibrium of the crystal in the 
field becomes unstable and the crystal suddenly turns. The field strength and 
the dimensions of the fibre have been so adjusted that a^, the total angle by 
which the torsion head has been rotated from its initial position, is always more 
than 3 or 4 rotations of the toision head. 'I'hc anisotropy Xi”X« P^r gni. mol, 
will then be given by the approximate relation ; 
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where m and M are the mass and molecular weight of the crystal respectively, 
H is the field strength and C is the torsional constant of the fibre. 

I he temperature of the cryostat is nteasured with a copper constantan 
thermo-couple, one junction of which is inside the crystal chamber, just below 
the crystal, and the other is kept at the temperature of nie]linp, ice. The tllernio. 
couple is calibrated by keeping the latter junction at the tcnii»erature of melting 
ice and the former junction at four different temperatures covering tlie range 
within which the magnetic measurements arc to he made. 


[it) Mcasuiciunits ol Aitisofml^y at Jii^h Tcaipnaturcs 

For the high temperature measurements the crystal is sust)euded inside a 
large-sized lube of iinglazed porcelain, closely wound on the outside with 
'Siichrome'' wire, over which is rolled tightly a thin sheet of asbestos. Ily 
■sending a steady electric current tli rough th.e wire, the tcnipcraluie inside can be 
maintained at any desired value up to about 800^’C. Over the layer of asbestos 
there are a number of sheets of mica and over which tliere is an outer jacket for 
the circulation of cold water. 'i‘he arrangement of water-circulation is for 
protecting the pole-pieces of the electromagnet from the influence of the high 
temperature. The temperature inside the chamber is maintained fairly steady. 

The temperature is measured by a copper constantan Ihcrnio-couple, one 
junction of which is iiilTodiiced inside the lieating chamber through its bottom 
and is kept ju.st below the crystal, while the other junction is at the temperature 
of the melting ice. The thermo-couple is calibrated as lief ore by keeping the 
latter junction at ()"C and the former successively at four different steady tem- 
peratures covering the range of tcmi)erature required for tliis investigation. 

The suspension of the crystal consists of two parts; the upper one is a fine 
quartz fibre as before which has been kept at the room temperature by means of 
water circulation; the lower one is now a thin copper wire to the lower end of 
which Is tied rigidly the crystal with its basal plane vcrlicab I'he copper wire 
stands the high temperature better than the sloul glass fibre used in low tempera- 
ture measurcment.s, and the use of cements for attaching the cjystal is also tluis 
avoided. The wire does not sliow any an isotrot )y. ^I'he method ol measure- 
ments are the same as in the case of low temperature. 


(Hi) Measurement of Xi 

In view of the small value of Xis '*tnd its sensitiveness to small traces of 
impurities which are usually present in natural crystal of inolydenite, and the 
uncertain temperature variation of the disturbing effect of the impurities, much 

3— 1576P- 6 
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accuracy on the uieasurenients of Xi cannot be claimed. The measurements 
of Xi were made by the quartz torsion balance deviced by Dr. A, Bose for his 
measurements on paramagnetic crystals- It consists of quartz fibre stretched 
horizontally between a graduated torsion-head and a metal chuck. At the middle 
of this fibre is attached a light glass blance-beam at right angles to the fibre. A 
small vertical mirror is attached just over the mid-point of the beam. Any dis- 
placement of the beam can be observed from the mirror by lamp and scale 
arrangement. A small mica damping vane has also been attached to the l)eani. 
From one end of the beam is suspended the crystal system. The lower portion 
of the .suspension (jonsists of a stout glass fibre in low temperature measurements 
and a copper wire in case of liigh temperature measurements, the central portion 
is of quartz fibre and the upper portion a small length of a glass rod, the upper 
end of which has been bent into the form of a hook so that the whole system can 
be suejjended from the balance beam. In the present measurements the sii.spen- 
sion system has been attached rigidly with the balance beam by means of shellac. 
The length of the suspension .system is so adjusted that the crystal which has 
been attached to the glass rod or the copi)er wire with basal jdane vertical always 
remains within the cryostat or the heating chamber, in a non-homogeneous 
magnetic field the gradient being in a vertical direction. Small aluminium and 
copper riders arc placed at the other end of the beam until the beam becomes 
horizontal. When the field is switched on the crystal after taking up its natural 
setting position W'ill move vertically along the gradient of the field. The result- 
ing displacement of the beam can be very accurately observed by Ibc laifip and 
scale arrangement. By rotating the torsion head, the beam and with it the 
crystal can be brought back to their original positions. The angle of torsion 
necessary f 01 this purpose is evidently propoilional to the susceptibility of the 
crystal. The room temperature value of the susceptibility being previously 
known, the values al any other tempeiatures can be extrapolated by simply 
ob.se rving the angle of toision necessary at that temperature to bring the crystal 
back to its original position. 


R K S U L T S 

The results of these measurements are shown in Table I and II. These 
values are the mean of a number of observations taken with crystals from 
different specimens. The magnetic susceptibilities are expressed in E-M.C.O.S. 
units. From the tables it is evident that while Xi ~X«> the magnetic anisotropy 
changes considerably from the highest to the lowest tcmpeialurc, the variation 
ofXii. tke susceptibility perpendicular to the principal axis, within the same 
range of temperature is extremely slow. These results are shown diagrameti* 
pally in Fig. I, 
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T’K 

(Xi-’Xii) X 10® 
per gram rut)!, 

T-K 

' 

(Xi-x,i) X HI* 
per giam nii>l. 

go 

46 4 

i 

255*5 

•13 

II 3 

45-1 

298 

42.7 

1-7 


334 

41.6 

146 


ax'! 

4 0.8 

160 

44-3 

46. 

,)o ,3 

172.6 

4-1 -2 j 

4S2 

40 

190 

4-1 

566 

30.4 

229 

43-4 

1 

1 

36.S 


Tabi.k 11 


T*K 

- X » X lu® per gram mol. 

TK'' 

— Xi X 10® pei gram mol* 


45 


44 

183 

44.6 

AAA 

462 

570 

43*8 

43*4 



CONvSiDERATlON OF THE vSTRtTCTURE OF 
MOLYBDENITE 

Molybdenite is a hexagonal crystal, with perfect basal cleavage. The 
lliolybdetium and sulphur atoms in it are arranged in parallel layers^ each layer 
of inolydenuni atoms being sandwitched between two layers of sulphdr atoms 
and these three layers form a composite layer by the repetition of which the whole 
structure is built. The various interatomic distances ate represented as follows 

Mo-Mo=»3.i 5 A.U. S-S=3.i5 A.U. Mo-‘S = a.4i A.U. 
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and the distance between the two coini>usite parallel layers of molybdenite has 
been found to be 3.66 A-U. The large distance between the adjacent layers 
shows that the binding between them is extremely loose and is probably of the 
Van dcr* Waals type. 'J'he binding between Mo and S has been proved to l>e 
of the covalent type (Hultgren, Joe. cil.). But the l)indings along the directions 
l}arallcl to the basal plane seem to be of a partially metallic character. This 
view is supported by the metallic lustre of the cleavage face, appreciable elec- 
trical conductivity along directions parallel to the basal i)lane and the metallic 
reflection from its surface {loc. cil.). The interatomic distances along the basal 
plane also lends support to this view. The presence of metallic binding along 
directions in the basal plane postulates the existence of a free election gas 
having the motion of the electrons restricted alojig planes perpendicular to the 
Iiexa^onal axis of the crystal. Couscquently we should expect a temperature 
sensitive diamagnetic contribution perpendicular to the basal plane. 

The diatnagnetic properties of this crystal has recently been studied in 
this laboratory (ig-u)- f he susceptibility per gram molecule of the crystal 
perpendicular to the hexagonal axis, x«» about -/)4.3Xio"". On the other 
hand, the susceptibility along the hexagonal axis, Xu, is about -87. t x io“®, i.c., 
the anisotropy is about 73 per cent. TIius the diamagnetic anisotropy is direct- 
ed along the hexagonal axis of the crystals. The numerical value of the 
anisotropy, which maybe taken to be equal to Xii“Xi. and which will be 
denoted by Xo appears to be the conlrilmtioii from the mobile electrons iu^nolyb- 
denitc, having their- 4 liobility restricted along the basal plane only. 

temI'KK aturk variation or Tiir anisotropy 

The values of (x 11 —Xi) per fiin. mol. of molybdenite at different tcinpera- 
ures have been plotted against the reciprocal of the temperature in Fig. 2. 



Fig. a 
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It is observed that at low teiiipeiatui cs, the anisotropy tends tp reach the tem- 
perature independent value of -48 x 10”'* per gm. mol. and at high tempcratiircs 

it tends to reach asymptotically the value Xe Xu "X. - - l"n>m the 

nature of variation of the anisotropy with temijerature, it seems that the magnetic 
anisotropy in molybdenite is a diamagnetic contribution from the frce-clectrons 
that might be present in it. Consequently it seems worthwhile to study the 
l^ehaviour of these electrons in detail after the method develc)i)ed by ( languly 
and Krishiiau (1941) in their investigations of the . diamagnetic siisceptilnlities 
of graphite. 

F R K K n b Iv C T RON S V S C 1C P T 1 II I b 1 T Y IN M O b Y h 1) 1C N 1 T 1C 


Landau has shown that frce-elections should have besides their spin 
paramagnetism an appreciable amount of diamagnetism also and the numerical 
value of the diamagnetic susceptibility should be one third that of the paramag- 
netic one. At a temperatures very much lower than the degeneracy temjjerature, 
To, the diamagnetic susceptibility (x J,/ is given by 

per Kram atom ... (2) 

2lc 1 0 

And at a temperature T°»To 


(X/’ )rt “ “ - per gram atom 


(. 5 ) 


where n is the number of free electrons per atom, N, the Avoradro numl)er and 
the rest of the symbols have their usual significance. Stoner (1^35) has further 
shown that when T < < To 

/ \ I / 

T 


(x)«),/= “ib-M 


Vo 


I — 6. 1 1 X lo"" “ 



per gram atom 


(4) 


and when T > > To 



1-3-23 ^ 10' 




per gram atom 


- is) 


where Vq is the maximum kinetic energy of the electrons in the completely 
degenerate state. 


Now from fig. 2, it is seen that at very high temperatures the susceptibility 
Xe =X« — Xi tends to reach asymptotically the value 


X» 


•»3b 

T 


per gram mol. 


But from ( 3 ) (x«)<« ** “jiT “ “ ’ T 

Comparing these two relations we find n to be equal to 0.3. Taking 
M0S3 to be a complex atom, this means that, o'3 elections are free per MoS* 
atom. Also considering (4) we still get n to be equal to 0,3. 
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Again from fig. 2 we find that al low temperatures x*; tends to reach the 
temperature independent value of —48x10'® per gram molecule. Thus from 
(2), n and being known, To comes out to be about iioo'^K. I?rom these 
observations it can i)e said that the observed electronic susceptibility of moly- 
bdenite is the same as the siisccj)tibility of a free-electron gas having an electron 
density of 0.3 per atom and a degeneracy temperature of about iioo^'K. The 
full line curve in fig. 3 is the theoretical curve of such an electron gas di*awn 
according to the Stoner’s liquation c/f,). 'I'he straight line represents the 

line (x , w Inch the theoretical curve tends to reach at high tem- 

3 C' 1 

peratures. It will be seen tliat the experimental values represented by circles 
lie close to tlie curve. 



Fig. 3 

In the above discussions 11b account has been taken of the effect due to the 

lattice field, which is generally very difficult, except, for the case dealt by Mott 
and Jones. (1936), /.c., when the surfaces of constant energy in k^space form a 

family of similar ellipsoids. For the present case, we shall proceed in a similar 
fashion, taking the magnetic field to be along the Z-axis of the energy ellipsoid. 
The diamagnetic susceptibility along the Z-axis may then be expressed as 


follows: 

at high temperatures, T> > 1 0 

(x.)'.J* “i“a per gram atom 

3^ i 


( 6 ) 


and at low temperatures T«To 




at’To 



I i)er gram atom 


(7) 


wlieu «!, 0(2 represent the ratio of the actual to effective mass of the electrons for 
motion along the .r..r plane and «,that for motion in the i.eipendicular direc- 
tions. Now. comparing (6) with the actual relation which the susceptibilities 
satisfy at high temperatures i.c. comparing. 


(X«)'rf = 


Ha with Xe“ 


036 

T 


We gel 


««jas=o.3 


• « • 


( 8 ) 




233 


Magnetic Anisotropy of Molybdenite, etc. 

In view of tlie conclusion already obtained, the obvious solution that we get is 

<X|~ 1X2=1 (ijJ 

If we now calculate the degeneracy tenu)eratme of a free election 
gas having 0.3 electrons pqr atom which has not been influeiiceil Ijy the elTcct of 
the lattice field, according tq the usual relation 



where the various symbols have their usual significance, we get To~i.|oo()“K 
approximately. But the degeneracy tempcratuie which has been oliscrvcd 
actually is about 1100° K. Tt is however known tliat llic cITect of the lattice 
field is to change the degeneracy temperature as follows 

T'o = To(<x,a.,a2)^ ... (,,) 

where T'(> is the degcueiacy temperature inider tlie influence of the lattice field 
and To tliat without the held. Thus we have 

1100—14000 (<XiO<nCX;J^ 

since 

we have ... (r:.) 

which indicates a high eccentricity for the ellipsoidal surfaces of constant energy 
in K-space, being much elongated in directions perpendicular to the C-axis, their 
common axis being along the C-axis of the crystal. 

Thus from the above considerations we see that the effective mass of the 
electrons for motion at right angles to the basal plane is enormous wliile that 
along the basal plane is just the actual mass. All these findings jioint to the fact 
that the mobility of these electrons is effectively restricted only in planes parallel 
to the basal surface. 

1.) I A M A O N K T 1 C A N I O T R ( ) P Y IN M Oh Y 15 D V) N I T I^-A 
C(.)NTRlIiUTI(.)N PROM THE ‘o V 
LAPPING* lU.KCTRONS 

If we now consider the nature of the Brillouin /:011c for this structure we 
find that there is a Zone which can accommodate all the valency electrons per 
atom in it (viz., 6 per atom, since electron atom ratio of MoS^ is 6) bounded by 
planes (211,0) and (000,6), which are planes of large energy discontinuity. It is 

a hexagonal prism wdth its axis along V’ of height - and side — — r • The dia- 

^ 3 

magnetism is then to be attributed to the few electrons that overlap beyond this 
Zone, /.c. whose Fermi surfaces extend slightly beyond the planes of eneigy 
discontinuity." Since the planes bounding the Brillouin Zone are jdanes of large 
energy discontinuity causing the overlap to be very .small and since these planes 
occur symmetrically with respect to the origin, it is possible to regard the over- 
lapping electrons as forming a number of ellipsoidal distribution in k-space having 
the origin still at the centre. 

From the nature of the Brillouin Zone and in view of the small value of 
it is evident that the band width in the direction of the principal axis is very 
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small electrons can take up all permitted values k,. Similarly it is evident 
that along directions in the basal plane very high values for either Wj or «3 is not 
possible. Thus the electrons along the basal plane behave as though they are 
freci whetcas at right angles to the plane their motion is highly restricted. 

R X P I, A N A T r 0 N F O R T HE A B vS R N C E OF T H E 
S P I N-P A R A M A G N E T I B M 

Normally the spin paramagnetism should predominate over the diamagne- 
tism of the fiee electrons except when i is very great causing the spin 
paramagnetism to he insignificant* But according to our previous findings 
= However an explanation of the type offered by Ganguli and 

Krishnan (1941) iJi the case of graphite is also applicable here for explaining the 
absence of any spin of the free electrons at ordinary temperatures. It can be 
assumed that each of the energy levels are either occupied by an electron pair 
of opposite spins or not occupied at all. In the occupied levels the energy of 
the coupling between tlie s]nn-niomeiits may be assumed to be large in compari' 
son with the energy corresponding to temperatures ordinarily attainable. Thus 
the spins remain balanced for ordinary temperatures. If in addition, the 
occupied energy levels are so closely spaced that they may be regarded as almost 
continuous, the energy of distribution will be practically the same as when the 
spin-spin colliding is absent. The coupling will not therefore affect llic diama- 
gnetism of the electron gas and the temperature variation of the diamagnetism 
will be in accordance with the tlieory postulated for the purpose. Whtu the 
temperature of the electron gas is very high— so high that the corresponding 
energy attains a value sufficient to cause the dissociation of the components of a 
^j)air of electrons with opposite .spins. Above this temperature the diamagnetism 
is expected to be completely masked by the spin-paramagnetism. 

In conclusion the author wi.shcs to express his best thanks to Prof. K. Bancr- 
jec for his keen interest in the work, to Prof. A. Mookerjee for helpful discus- 
sions and to Mr. L. J. D. Fernando, Government Miucrologist at Ceylon for his 
kind present of some of the molybdenite crystals with wliich the measurements 
described in this paper were made. 
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^ “A SPECTROSCOPIC STUDY OF AN UNCONDENSED 
SPARK BETWEEN COPPER ELECTRODES IN THREE 
DIFFERENT CASES AT VARIOUS PRESSURES” 

By JAGDEO SINGH and SREE RAMULU 
(Plate X) 

ABSTRACT. A (ktnilcil stndv f)f tlic* n;ilinv nf lh(‘ spc<'lra at van'ims portions tJic sjunl^ 
in illnmiimting gas air ami oai I)on dioxuk at various pt(‘ssnn s, the spark Ifcing i xcik’d l>y « 
large indiu tioii eoil, is described. 

The following arc some of the niuK' imp atant observations and results obtained; — 

(a) Most of the lines are due In the inattnial of the elet trodi'. Tlu v aie prominent at 
liigher piessures and deeiease in inletisitv as the xjies'airt* di ei eases. At a j)re.s.snrc of joems. 
praetieallv all of them disappear. I^vc ii at higher presMire.s^ ulure tlu* lines are prominent, 
tht V are more roneentraled at tlie two ends nf (he sjmrk. 

(hj hands are practically absent fnnn the atumsphei i(‘ pressnn* up In cms. t)f mercury. 
They appear at this pressure and gain in inlensit v as I he pies.siii e is further reduced. The 
optimum pressure at vvhich the bands are developed willi Ibe greatest intensity sliovvs 
practically no variation from ga.s to gas. 

(ft A study of the bands due to CN and XO indientes lliai the fruanntion of these 
molecules and their excitation I'o give their eharaeteiistir sjieetra is inflnenecd j>y the neigh- 
bouring g?ises. 

(if) It seems likely Ijjal the eflectivc. ti inpcralute rd the spark is not constant thmughimt 
its length, ilie middle portion hc'ing cfuiler than the aid portion, I'Jiis statement i(’C|in‘res 
confirmation by accurate methods of evaluating temperatures. 

(r) One partieulai line, heioijgiiig to iiuii.sed oxygen exhihits a strong effeiL of pressure 
broadening in the illuminating gas. 

1 N T ROD T: C T I O N 

The selective excitation of lines and bands in spectroscopy has been 
studied in a uuiiibei: of ca.ses. It mainly falls in three groups : (i) The effect 
of foreign gases on the nature of spectrum of a substance, (2) The method of 
excitation and (3) The effect of pressme. There aic various cases of the first 
type specially in a discharge tube as for example (a) the behaviour of first 
positive iiitrogeu (Jevoiis, 1032) bands in the presence of high pressure inert 
gases, (I?) the production of negative nitrogen lor. c//.) bands in high 

pressure helium containing a trace of nitiogen, (c) the intense development of the 
Swan band (Jevons, loc, nt,) system by a trace of carbon in high pressure 
helium or argon; (of) the development of Cameron bands fjevons, loc. cii.) bya 
trace of cabou iu high pressure neon; (c) the isolation of the high pressure carbon 
and the triplet carbon band systems under similar conditions ; {j) the behaviour 
of mercury vapour (Wood, 192.^) in the jjresence of foreign gases as revealed by 
Wood’s investigations on mercury vapour in the presence of nitrogen at a 
pressure of 2 m.ni. Kaplan (1930) observes that CO is more effective in quenching 
X 2536 Hue than Nj. 

4— 1.S76P— 6 
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Coming to the second case we have various methods of excitation as for 
example electro-luminescence, photo-luminescencc, chetni-luminescence, thermo-^ 
luminescence, etc. In electroluminescence again there are many classes : 
high frequency discharge, spark discharge, arc-discharge, etc. In a variety of cases 
the high frequency (Bvasfeld, 1929) discharge gives rise to an intensity distribution 
difTcrenl from that obtained from other types of excitation of spectra. In hydrogen 
(Asuiuli and Ors. 194-) it has been found that the primary spectrum is stronger 
than tlic secondary spectrum when excited by an ordinary induction coil and the 
secondary si)eclrum is stronger than the line spectrum when excited by the 
II. F. discharge. It has been found by Notingham that the relative intensities 
of the lines in the spectrum of the arc depends upon the current strength and 
in the case of the spark on tlie size and shape of the electrodes too. Peters and 
Mankoff found that iu the case of low voltage arc using cathode layer, the line 
spectra of most elements are from ro to 100 times stronger immediately in front 
of the cathode than in the arc gas column, this effect being stronger for elements 
of the first three groujis of the periodic table. It has been found that the self 
induction and the capacity in the circuit cause considerable changes in the 
elicitation of spectra. The introduction of an auxiliary spark gap in series 
with the analysis spark has tliree effects: (i) general increase in intensity. 
(2) selective increase in intensity and (3) stabilization of the spark. Lastly the 
investigations of Newinann on the arc discharge in gases and mixed gases at 
various pressures are among other sources of data on selective excitation. A 

0 

detailed study of this nature of the uncoudeiised spaik spectra of three gases 
namely the illuminating gas, the carbon dioxide and the air has been presented 
in this paper. 

E X r K R I M K N T A L ARRANGEMENT AND 1> R 0 C E D U R K 

The uncondensed spark was maintained in a glass tube of neatly 3 ems, 
in diameter which had copper electrodes fitted to it with sealing wax. The 
glass tulje was blown in the form of a built in the middle where the spark used 
to occur and the whole thing was kept inside a water tight wooden trough such 
that the two side tubes and the front end of the tube with quartz window pro- 
jected outside the trough. The inlet and outlet tubes were bent so that they 
might rest on the top of the trough when the tube was kept in position. A 
continuous flow of water through the wooden trough was arranged, care being 
taken to see that the water level in the trough W’as always 2 or 3 cms. above the 
main body of the discharge tube. This arrangement was made to avoid the 
discharge tube from being craejeed by the heal of the spark. Two copper 
electrodes were inserted inside the tubes. They were completely insulated by 
rubber except at either ends, so that there might not be any sparking between 
the electrodes and the side tubes. The outer tube was connected to the Cenco- 
high-vacuura pump to exhaust the gas inside through a two-way glass tube, 
the other end of which was connected to a mercury manometer which could 
record pressures from i cm. of mercury up to the atraosphcnc pressure. All 
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the joints were made air*tight with sealing wax. The tube was washed many 
times by the gas before the spark was passed. The discharge tube which was 
ultimately adopted is shown in Fig. i. 



1 o the pimip and tlie manometer 

Fig. 1 


A large iiiditclion coil of lo in. spark-length was used so that a very high 
voltage was impressed. The current from the 220 D.C. mains regulated through 
a rheostat was supplied to a mercury interrupter whose base was 15 ciiis. in 
diameter. The interrupted current (6 to 9 ami)) passed through the primary ends 
of the induction coil, the secondary ends of which were connected to the two 
electrodes of the experimental discharge tube. The interrupter u.sed to stop 
functioning alter some time and then the mercury was cleaned and replaced. 
Sometimes shaking the intenupler also Jielped in this direction. 

The illuminating gas used was obtained from the main laboratory supply 
and had the constitution of 48% nitrogen, 12% oxygen, 2^% methane , hy- 
drogen and 12% unsaturated hydro-carbons ; carbon dioxide was produced by 
the action of dilute hydrochloric acid on marble in a WoulTs bottle. In this 
way the spark discharge betw^een copper electrodes in illuminating gas, carbon 
dioxide and air at the pressures 2, 5, 10, 20, 30. 40, 50, 60 and 75 erns of 
mercury was studied from the three parts of the spark, namely the central 
portion ; the stationary spot at the cathode and the moving spot at the 
other end of the spark and these are denoted by a, b, c respectively in the 
spectrograms (Plate IX j. 

A Hilger small quartz spectograph was used for i*hotographing the spectra. 
Ilford H. P, 2 plates were used and the time of exposure in all cases was 10 
minutes. Spectogram (i) and (2) are taken with the illuminaling gas at the 
pressures of 40, 30, 20, 10, 10, 5 2 ems* of mercury. Spectogram fg) is taken 

the pressure of 40. 30i 20, and 10 cms. and plates (4) *iud (5) are taken 
with .air at carbon dioxide at the pressures of 75 , 60, 50, 40, 40, 30, 20 and 
10 cins. of mercury. In all these a, b, c are marked for the three spots. 
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R E vS U 1/ T R and D I S -C U S R I 0 N S 

t 

The inlensity of blinds aad, lines has been estimated visually from the 
blackening on the plates without taking into account many other well-known 
factors such as the sensitivity of the plate, etc. modifying the blackening. Because 
of this fact much importance has not been attached to the observations of the 
individual bands, but only systems of bands as a whole are taken into account. 
Tliisis summarised in Table 1. 

The spectra of the spark in various gases have been found to show widely 
difTereiit intensity distribution in the case of bands, lines and continuum present. 
As will f)e Seen from Tabic 1, pressure has a marked effect on the excitation of 
bands, the lines and tlic continuous si)ectra also. Various portions of the spark 
give rise to widely different sjiectra. The nature of spectra appears to be 
dependent mainly upon three factors, namely (i) the gas in whicli the spark is 
excited ; (e) the pressure of the gas and (3) the portion of the spark plioto- 
graphed . 

The present investigation, however, confines itself only to the mention of 
some very striking differences and it is believed that for such observations, the 
visually estimated intensities can be relied ui»oii : 

(1) Bands. — The observation in the case of first negative nitrogen, second 
positive nitrogen, cyanogen violet, NOy and Oil are summarised in the Table I. 

(2) Lines , — From the Spectograms we sec that the lines present are almost 
all those of the Cu electrodes. They are intense at higher pressures and decrease 
in intensity as the pressure decreases, so much so that in air a pressure of 10 Cms. 
of mercury all the lines except the two strongest copper lines at W 32/^7, 3274 
have disappeared com])]ete]y. Same is found to be the case in carbon dioxide 
and illuminating gas. Fuither in general tJic lines when present are moie 
prominent at the two endvS of the spark and w^eak at the central portion of the 
spark. This is true for all the three gases investigated. 

(3) The continuous spectrum is present with weak intensity only in the 
case of the illuminating gas. 

Thus from the results given above we can conclude that the various lines 
present except a very few, namely carbon line at A2478 and some oxygen lines, 
are all due to the material of the electrodes of the spark. It can be seen that 
the lines are more prominent at the atmospheric pressure and decrease in in- 
tensity as the pressure of tlie gas surrounding decreases Lind nearly disappear 
at a pressure of io cms. of mercury. This is true in the ease of almost all the 
three gases investigated. On the other hand the hands show variations jn 
inteusily in the reverse direction. They are absent at the atmospheric pressure 
and as the pressure decreases they niake their appearance at a particular pressure 
which we may say is the characteristic of the system excited as well as of the gas 
surrounding the spark. At pressures lower than this optimum pressure the system 
may become weak as has been found firstly in the case of negative nitrogen 
bands excited in the illuminating gas (41% of Ng), wdiere they become prominent 
at a firessure of 10 cms. and become weaker at still lower pressures, or the system 
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may become strong at pressures lower than the characteristic pressures for 
excitation as has been found in the case of second positive nitrogen bands 
deve^loped in air when they appear at a pressure of 40 cms. and become stronger 
at still lower pressure or the system may remain with the same intensity nl 
pressures lower than the characteristic pressure as has been found in the case 
of cyanogen violet system developed both in the case of COo and illuminating 
gas but not in air. So we can generalise and sa^ that under the conditions of 
the present experiments it is possible to excite the molecules of the surrounding 
gas in the spark discharge between the clcctrodLS almost free from the charac- 
teristic lines of the electrodes. Tin's happens when the pressure of the surround- 
ing gas is near about 10 cms. of mercury. There appears to be a very slight 
variation in this pressure depending ujion the nature of the gas. 

We wish to point out another striking |)eculianty. The first negative 
nitrogen bands as produced in the illuminating gas and in air are present only 
at the stationery spot of the spark in the illnminating gas wdiile in the case of 
the air they are strong at the moving spot of the spark. It is difficult to 
understand this phenomenon. It would be very interesting if a more detailed 
investigation of this particular phenomeuon is ' undertakcu employing accurate 
methods of iutcusity measurements. 

Another inlercsiing observation concerns NOy bands. vSince nitric oxide is 
not present as sucli in any of the three gases, the presence of these hands is indica- 
tive of the conditions suitable for their development. Again the NOy (Bair, 1020) 
bands arc particularly weak in the illuminating gas, which contains as lias 
been mentioned above a fairly large amount of nitrogen and oxygen. These 
bands are strong both in air and CO^ in the latter of which nitrogen and 
oxygen can only be in small amounts as impurities. This is rather interesting 
wlicn we contrast it with the complete absence of cyanogen band.s in air, 
wbich must presumably contain traces of carbon. Probably it will be 
correct to say that whereas for the production of NO v bands traces of nitrogen 
and oxygen if avilable in tlie presence of other gases arc more favourable, 
a much higher concentration of carbon is necessary for the development 
of cyanogen bands in the presence of other gases. In this respect, however, 
Newiiiaun (1929) has obtained cyanogen bands when an inlennittent arc 
discharge is passed through hydrogen at a pressure of ro ■’ mm. in tlie jirescnce 
of helium and neon, where also therefore carbon and nitrogen must have been 
present only as impurities in small quantities. Newmauu explains the presence 
of these bands as due to the effect of temperature being responsible for the 
production and excitation of CN bands. This is in contradiction to the observa- 
tion made here. The effective temperature is roughly of the same order of, 
magnitudes in both cases. Hence the absence of CN bands in the sparks in 
air is not explained on the temperature hypothesis. We have to conclude that 
the presence of helium and neon is responsible for the liroduction of these 
bands in Newmann's experiment. 
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From Ihc observations of the intensity distribution of nitrogen bands 
obtained by the spark in air lawde (1934) evaluated a temperature of The 

present experiments do not allow us to evaluate the effective temperature with 
any confidence. But it is interesting that values obtained by using the visually 
estimated rough intensities for tlie band heads, are of the same order of magni- 
tude as that obtained by accurate measurements of intensity. Thus for the spark 
in air at a pressure of ijo cms. a temperature of 8i6o“K is derived as the mean 
of the values for tlie three parts of the spark. In general we find that at the 
same pressure in different gases tlie temperature is the lowest in the illumina- 
ting gas, wliereas in air and carbon dioxide they are of higher magnitude, but 
roughly coincident with the values obtained by jirevious workers. Also the . 
middle ])f)ition of tlie spark gives a temperature lower than the two ends of { 
tlie spark. No ijuantitative significance can obviously be attached to the values 1 
thus obtained but from the right order of magnitude it seems likely that the 
differences in temperature along the length of the sparks are real. It would be 
iiilercstiug to lest this by accurate methods of intensity measurements. 

I'here is one particular line which has been marked in the Spectrogram r as 

1'his is one of the three or four lines of ionised oxygen which lie at about 
A 4870A. This line is very broad and appears as a band at a pressuic of 40 cms. 

It gradually becomes less broad wdth decrease in ja-essiirc and at 10 cms. it is 
almost sharp like a line. This line is, therefore, pressure sensilivc. It, however, 
is present in the siiark spectra of illuminating gas and alisent in othei specjra. 

Ill conclusion the results show that it is not imin'oliable to arrange the 
conditions of the s])ark in various media in such a way that not the lines 
characteristic of the electrodes but tlie bands characteristic of the molecules of 
the vapour can be excited. This observation is ralhei interesting and further 
work will show whether the method cannot be employed to bring about an 
excitation of innltiatomic molecules. 


A C K N 0 W Iv U D O K M n N T 

. Our thanks are due to Dr. R. K. Asundi, Benares Hindu University for 
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the investigation. 
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ELECTRON DENSITY MAP OF ANTHRAQUINONE CRYSTAL 

By S. N. sen 

ABSTRACT. It was shown by the author (Sen, 1940) that anthraquinonc really belongs 
to the monoclinic class and not to the orthorhombic clas.s as was assumed to be previously. 
A revised projection of electron density on the (ooi) plane of anthra(iuinone cry.stal by the 
two-dimensional Fourier analysis method has been carried out in the light of the new spac«- 
group derived after re-classification of the crystal into monoclinic system. Much larger number 
of reflecting planes have been taken into account in tire present analysi.s to make the Fourier 
series more convergent Co-ordinates of atomic centres in the projection have been obtained 
with greater accuracy. I'rcsh calculation of structure factors have shown much better 
agreement with tlie observed values, ( tbserved difference in intensities of h„k„o and h„k,,o 
reflections (referred to orthorhombic ones), which arc not possible for an orthorhombic crystal, 
are found to be of real significanci: in the light of the pre.senf analysis. 

In an earlier conmiunicaticm, it wa.s shown by Itie aullior (Sen, IQ40) tliat 
anthraquiuone really crystallises in Iht inonoclinic class having a sjmcc group 
Previously the crystal had been assumed to be orthorhombic. 
Hanerjee and Sen (1938) bad obtained a projection of electron density on Uic 
(001) i)lane cf anthraquinonc crystal iiy the two-dimensional Fourier analysis 
method, but in that analysis the crystal was assumed to l)c orthorhombic in 
accordance with the S))ace group as determined by the previovis workers. But 
when it was found that the anthraquiuone crystal was really monoclinic wiih 
C|AP-|/a as its Space grou]), it was primarily im])ortanl to revise the electron 
density projection on (001) plane obtained 011 the basis of the orthorhombic 
hypothesis in the light of the new space-grou)) of the crystal. The origin of 
pseudi)^yrametries observed in the idanes of reflection iti the older orthorhombic 
system will be readily found by transforming the older indices hokolo into their 
corresponding indices in the monoclinic system. It can easily be shown that 
a plane hokolo on the older orthoihoinbie nomenclature corresponds to li,,,k.„J,„ 
intheuew uionoclinic system, where h.)rt={ho + ko)/2, k„t=/o and ])tt=(ho“ko)/ 4 . 
For hokoo planes it was found that (f) ho + ko is divisible by 4 which means h„i is 
divisible by 2, (zi) ho-ko is divisible by 4 means that !„* may have any value for 
hmolm planes. Also for oolo planes, lo is found to be even, z.c., in ok„,o planes, 
km is even. These are in fact the criteria for space group C^hPzj/a. The 
pseudo-symmetries in the orthorhombic cell actually ap]'eared for taking a 
bigger unit cell (orthorhoiubicj while the real fundamental cell (monoclinic) in 
the crystal is much smaller. 

For obtaining the electron density map projected along the symmetry axis 
we may retain the pseudo-orthorhombic system of co-ordinates because this 
direction happens to be a crystallographic axis in both the systems and the 
other two pseudo-orthorhombic axes are the diagonals of the fundamental 

5-1574P-6 
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inonoclinic lattice which may he approximately regarded for the purpose of the 
Fourier suiuination to he mutually perpendicular, the actual angle between them 
as calculated from the measured dimensions of the cell being 90*42'. There 
is, however, a fundamental difference between the summations carried out on 



Projection along the r-axis. The doited line represents the one electron line, the other 
lines are drawn at intervals of one electron per A*. 

Fjg. I 
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the assumption of an orthorhombic cell and those according to the correct 
monochnic cell. That is clue to the difference in the structure factors of hokoO 
and hokoO planes. In evaluatiii.t; electron density on the symmetry plane, the 
mean of structure factors for liokoo and h„koO planes were taken on the basis of 
the ea[rlier assumption of orthorhombic lattice. The actual differences obse. ved 
in the intensity mea.surcmcnts of those planes were then believed to be spurious 
or due to experimental errors and hence the mean of the two values were used 
for both hokoO and hokoO planes in the Fourier suimnation. The observed 
difference in the intensiiie.-. of hokoo and hokou reflections were later found to 
be of real significance as the hiitkuiO and hmkutO planes when transforinecl to the 
new monocliuic system represent different planes altogether, reflections from 
which cannot be expected to be of the same intensities. .So the contributions 
of the li»ik)iiO and h/jfk»/.o planes tc>wards hourier summation were worked out 
separately on the basis of their respective intensity measurements. Further, 
a highly overexiiosed Weisseuberg ifliotograph was taken round the old r-axis 
in order to take the weaker reflections also into account and thereby make the 
Fourier series more convergent, .‘sti uctiire factors of 92 jilanes have been 
used in the present Fourier summation while those of only 4.) idaiies w'ere used 
ill the jiievious summation to obtain the electron density map i)ubli.shecl 
before. 

The Fourier summation was carried out over a half of one molecule which 
foims the asymmetric unit of structure, the axial subdivisions being <(0/48 and 
b„/48. But for accurate location of the atomic centres, additional .suimi'.ations 
were carried out at closer intervals with axial subdivisions iio/yb and bo/cib round 
about the atomic centres. The electron density distribution thus obtained is 
shown in Fig. i. The r and y co-ordinates finally obtained are* given in 
Table I for which the key to the symbols for the atoms will be obtained from 
the structural formula given'in Fig. 2. 


M 



Structural formula of anthraquinone. AllCDEFG A'B'C'D'E'F'G' are carbon atoms 
and H and^H' are oxygen atoms. H-atoms arc not shown. 


Fig. 2 
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TABr,E I 


Co-ordinates of Atoms referred to Orthorhombic cell 
Molecular centre of symmetry at (ooo) as origin 


Atom j 

x(iu A.U.) i 

j i 

j (in A.U.) 

A (cin 

— 3 253 

0,765 

If ( on ) 

— 3.198 

1-447 

c: (C) 

1.115 

0,745 

I» fC) 

n.tj^H 

1.476 

Iv ( C ) ' 

1.164 

0.649 

1' (Oil) ! 

.1.236 

1.311 

(CH) 

3 308 

0.615 

H ((>) 

U.049 

2.623 


Fresli calculation ol structure factors of all h„k»o planes were made 
with the final .r and y co-ordinates of atoms obtained from the electron map. 
The agreement between the measured and calculated values of structure factors 
is considerably better as compared to those worked out with the structure 
obtained ])reviously. The differences in the measured structure factors of certain 
pairs of hko and hko planes (arising from the observed differences in 
the intensities of their reflections) were found to be in very good agreement 
with the calculated values of structure " factors obtained from the final 
structure. It is, therefore, worth noting that the final structure, owing to its 
slight deviation from the orthorhombic symmetries, have accounted for the 
observed differences of intensities between pairs of hko and hko planes, which 
previously was thought to bo sjiurious. 

In conclusion I wish to express my sincere thanks to Prof. iln. N. Bose 
for his keen interest in this work and to Prof. K. Banerjee for suggesting the 
problem and advice during the progress of the work. 
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